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VSUMMARY
T his work i s  d iv id ed  in to  f iv e  p a r t s :  (a) S y n th es is  
o f  m acrocyclic  d ie s t e r  a lk a lo id  ana logues, (b) S y n th esis  
o f  a  m acrocyclic  d ie s t e r  a lk a lo id  and e lu c id a t io n  o f 
i t s  a b so lu te  s te re o c h e m is try , (c) S tr u c tu r a l  s tu d ie s ,
(d) S y n th e tic  approaches to  p y r r o l iz id in e  b ases , and
(e) B io sy n th e tic  s tu d ie s .
(a ) S y n th es is  o f  M acrocyclic D ie s te r  A lk a lo id  A nalogues.
T reatm ent o f  (+ ) - re tro n e c in e  w ith  a  s e r ie s  o f  
s u b s t i tu te d  g lu t a r i c  anhydrides r e s u l te d  in  th e  fo rm ation  
o f  m ix tu res  o f  7-  and 9-  m onoesters o f  (+ ) - r e t ro n e c in e .  
C y c l is a t io n  o f  th e se  m ix tu res  by th e  C orey-N icclaou 
method le d  to  th e  fo rm atio n  o f 13- s u b s t i tu te d
1 , 2-d id e h y d ro c ro ta la n in e s . 1 , 2-D id eh y d ro c ro ta lan in e ,
13» 1 3 -d im eth y l, 13 , 13-d ip h e n y l, ( l3 R ) - a n d  (1 3 $ )- 
13-m eth y l, and 13 , 13- te tra m e th y le n e -1 , 2-d id eh y d ro ­
c ro ta la n in e  were sy n th e s is e d  by th i s  method.
(b) S y n th es is  o f  a  M acrocyclic D ie s te r  A lk a lo id  and 
E lu c id a t io n  o f  i t s  A bsolu te S te re o c h e m is try .
A m ix ture o f  th e  7 - and 9 - m onoesters o f  (+ ) -  
r e tro n e c in e  was formed from (+ ) - re tro n e c in e  and d ic r o t a l i c  
an h y d rid e . T his m ix tu re  was c y c l is e d  by th e  Corey-  
N ico laou  method to  y ie ld  th e  p y r r o l iz id in e  a lk a lo id  
d ic r o ta l in e  and i t s  C-13 epim er. The ab so lu te  
c o n f ig u ra tio n  a t  C-13 o f  bo th  th e se  a lk a lo id s  was 
determ ined  by c o r r e la t io n  w ith  m evalono lac tone .
(c) S t r u c tu r a l  S tu d ie s .
The p la n t  C r o ta la r ia  g lo b i f e r a  was shown to  c o n ta in  
two p y r r o l iz id in e  a lk a lo id s .  One was shown to  be 
tr ic h o d e sm in e . The o th e r  i s  b e lie v e d  to  be a new 
p y r r o l iz id in e  a lk a lo id  and has been named g lo b i f e r in e .
A s t r u c tu r e  has been p ro p o se d ,fo r  th i s  a lk a lo id .
vi
(d) S y n th e tic  Approaches to  P y r ro l iz id in e  B ases.
S y n th e tic  approaches to  the  p y r ro l iz id in e  base 
c ro ta n e c in e  based  on 1 , 3-d ip o la r  c y c lo a d d itio n  
re a c t io n s  and in tra m o le c u la r  c y c l is a t io n s  on iminium 
io n s  have been in v e s t ig a te d .
(e ) B io sy n th e tic  S tu d ie s .
Evidence has been o b ta in ed  fo r  the  in c o rp o ra tio n  
o f  L - iso le u c in e  and v a l in e  in to  th e  p y r ro l iz id in e  
a lk a lo id s  trichodesm ine  and g lo b i f e r in e  i n  C .g lo b if e r a .
vii
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Some o f th e  work d e sc r ib e d  in  c h a p te rs  2 and 3 
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J .A .D e v lin , D .J.R obins and S .S a k d a ra t . . J .  Chem. Soc. 
P e rk in  T ran s. 1 . 1982, in  th e  p r e s s .
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NOTE ON NOMENCLATTJRE
P y r ro l iz id in e  compounds w ith  one o r  two double­
bonds a re  named as d e r iv a t iv e s  o f  1H- o r 3 H -p y rro liz in e  
in  accordance w ith  Chemical A b s tra c ts  nom enclatu re.
E th y l 5 1 6 , 7 , 8- te t r a h y d r o - 3H -p y r ro l iz in e -1-c a rb o x y la te
F u lly  s a tu ra te d  compounds a re  named as p y r ro l iz id in e  
d e r iv a t iv e s .  S te reo ch em istry  o f s u b s t i tu e n ts  i s  
in d ic a te d  by the  a  and /3nom enclature to  conform w ith  
u su a l p r a c t ic e  in  th s  f i e l d .  In  th e  case  o f  racem ic 
m a te r ia l ,  a  s in g le  enantiom er i s  re p re se n te d  where 
a p p ro p r ia te  in  o rd e r to  sp e c ify  the  r e l a t i v e  
s te re o c h e m is try  o f  th e  s t r u c tu r e .
For m acrocyclic  d ie s t e r  a lk a lo id s  th e  numbering 
scheme proposed by C ulvenor e_t a l . ,  i s  used (C .C .J . 
C ulvenor, D .H .G .Crout, W.Klyne, W.P.Mose, J.D .R enw ick, 
and P .M .S cones.J.Chem.Soc. ( c ) , 1971, 3653*










The p y r ro l iz id in e  a lk a lo id s  c o n s t i tu te  a  la rg e  group o f 
n a tu r a l ly  o c c u rrin g  compounds* They c o n ta in  the  1 -azab icy c lo  
[3«3*0*] oc tane  n ucleus ( 1) o r a  c lo se ly  r e l a t e d  system  e .g * (2 )
HO y  s / O H
6 \  * y 2
\  ^  N — /
( 1) (2 ) (3)
These secondary m e ta b o lite s  a re  mo3t commonly found in  
th e  h ig h e r  p la n t  fa m ilie s  B oraginaceae, Com positae, and 
Leguminosae,^
The a lk a lo id s  occur as am ino-alcoho ls ( n e c in e s ) , such as 
r e tro n e c in e  ( 3) o r as e s te r s  o f  th e se  a lc o h o ls .
The e s te r i f y in g  a c id s ,w ith  th e  ex cep tio n  o f th e  most 
s im ple  exam ples such as a c e t ic  o r a n g e l ic ,  a re  unique to  th e  
p y r r o l i z id in e  a lk a lo id s*  These n ec ic  a c id s  (u s u a lly  C6 -C10> 
a re  o f te n  h ig h ly  branched and oxygenated and can be p re se n t 
a s  m ono-acids such as (+ ) -  t r a c h e la n th ic  ac id  (4) o r d i-a c id s  
such  as  tr ich o d esm ic  ac id  ( 5) •
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One o f  th e  most in t e r e s t in g  types o f a lk a lo id  i s  the  
m a cro cy c lic  d i e s t e r  s t r u c tu r e  formed by com bination o f a 
d i—a c id  w ith  (+ )— re tro n e c in e  (3)* These c y c l ic  d ie s t e r s  a re  
t y p i f i e d  by d ic r o ta l in e  ( 6) ,  which c o n ta in s  an 11-membered 
r in g  and r e t r o r s in e  ( 7) which has a 12— membered ring*
HQ * HQ ^O H
(6 ) (7 )
2 3C y c lic  d ie s t e r s  w ith  13- and 14-menibered r in g s  have
a l s o  been i s o la te d ,  as w e ll as c y c lic  d ie s t e r s  based on
4 5am in o -d io ls  o th e r  th an  r e tro n e c in e .  A rev iew  co n ta in s
th e  s t r u c tu r e s  o f a l l  p y r r o l iz id in e  a lk a lo id s  i s o la te d  up
to  1981. T h is rev iew  in  com bination w ith  p rev io u s ones in
th e  same s e r i e s  * and o th e rs  and S p e c ia l i s t  R eports
g iv e s  a  b road  coverage o f  th e  study  o f th e se  a lk a lo id s*
1 3A rev iew  i s  a ls o  a v a i la b le  on g e n e ra l p y r ro l iz id in e  ch em is try .
I t  i s  n o t th e  purpose o f  t h i s  in t ro d u c t io n  to  rev iew  
f u r th e r  th e  p y r ro l iz id in e  a lk a lo id s  b u t to  cover b r i e f ly  
some a sp e c ts  o f t h e i r  s tudy  which a re  re le v a n t  to  work 
p re s e n te d  in  t h i s  t h e s i s .  These a sp e c ts  a re  o u tl in e d  in  
th e  fo llo w in g  se c tio n s*
1*1 COMMERCIAL IMPORTANCE OF TH5 FYRROLIZIDINB ALKALOIDS.
The p r in c ip a l  economic im portance o f the a lk a lo id s
d e r iv e s  from t h e i r  h e p a to to x ic 1 and c a rc in o g e n ic 1 ^ p r o p e r t i e s .
12,14 ,These a re  m a n ife s t in  both  th e  po ison ing  o f humans » and 
o f  l i v e s t o c k .1*1  ^ The i n i t i a l  d iscovery  o f th e se  a lk a lo id s  came 
abou t d u rin g  e a r ly  chem ical in v e s t ig a t io n s  oi p la n t sp e c ie s  
w hich e x h ib ite d  h e p a to to x ic  a c t i v i t y .
There i s  a ls o  in c re a s in g  i n t e r e s t  in  p y r ro l iz id in e
d e r iv a t iv e s  which show some p o te n t ia l  as chem otherapeutic
16a g e n ts  in  tumour in h ib it io n *
1 .2  HEPATOTOXIC ACTIVITY- OF THE PYRROLIZIDINE ALKALOIDS.
The h e p a to to x ic  n a tu re  o f  the  p y r ro l iz id in e  a lk a lo id s  
h as  lo n g  been re c o g n ise d ; however, th i s  behav iour i s  n o t 
shown by a l l  members o f th e  c l a s s .  In  o rd e r  to  e x h ib it  
t h i s  to x ic  a c t io n ,  th e  a lk a lo id  must p o ssess  the  fo llow ing  
f e a t u r e s ( a ) 1 , 2-u n s a tu ra t io n  in  th e  necine  p o r tio n  
g iv in g  r i s e  to  a  prim ary a l l y l i c  grouping as in  re tro n e c in e  ( 3) ,  
and (b) e s t e r i f i c a t i o n  o f th i s  a lc o h o l. I t  i s  a lso  found 
th a t  (c ) e s t e r i f i c a t i o n  o f  th e  C-7 hydroxyl group and (d) 
s u b s t i t u t i o n  a t  th e  a  - p o s i t io n  o f th e  C-9 e s te r i f y in g  ac id  
in c re a s e s  th e  t o x i c i t y  o f  th e  a lk a lo id .
The s u f f ic ie n c y  o f c o n d itio n s  (a) and (b) has been dem onstrated  
by MATTOCKS.1^ He fed  s u b s t i tu te d  3 , 4-d id e h y d ro p y rro lid in e s  
o f  th e  type  ( 8) to  t e s t  anim als and showed th a t  the  h i s to lo g ic a l  
changes ( p r in c ip a l ly  m egalocy to sis) w ith in  th e  l i v e r  were 
an a lag o u s to  th o se  caused by p y r ro l iz id in e  a lk a lo id s .
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The l i v e r  damage i s  no t however caused d i r e c t ly  by the  
a lk a lo id s .  P y rro le  d e r iv a t iv e s  e .g .  ( 9) a re  formed in  the 
l i v e r  by o x id a tio n  o f  the  p y r ro l iz id in e  nucleus w ith  h e p a tic3
o x id a s e s .  These p y rro le  d e r iv a tiv e s  a re  th en  b e lie v e d
to  a c t  as a lk y la t in g  a g e n ts . Some o f  th e  a lk a lo id s  o f 
th e  o to n e c in e  group e .g .  sen lcirk ine ( 10) a lso  e x h ib it  
h e p a to to x ic  a c t i v i t y .  A lthough they do n o t c o n ta in  a 
r e t r o n e c in e  type s t r u c tu r e ,  a  mechanism can r e a d i ly  be fo rm ulated  
to  show how th e  o to n ec in e  nucleus can be converted  to  a 






On c o n s id e ra tio n  o f  th e  fo u r s t r u c t u r a l  f e a tu re s  needed 
f o r  to x ic  a c t io n ,  one would expec t th e  m acrocyclic  d ie s t e r  
a lk a lo id s  based  on re tro n e c in e  to  e x h ib it  marked h ep a to to x ic  
a c t i v i t y .  T h is i s  indeed  th e  case  and th e se  a lk a lo id s  a re  
d isc u sse d  f u r th e r  in  the  nex t s e c tio n .
1 .3  the macrocyclic diesters eased on rethoneciite
Those c o n s t i tu te  one o f  th e  la rg e s t  groups o f p y r ro l iz id in e
a lk a lo id s  and a re  d is t r ib u te d  through a wide range o f p la n t
s p e c ie s » a lth o u g h  they  a re  found m ainly in  Seneclo (fam. Compositae)
and C r o ta la r ia  (fam . Leguminosae) sp e c ie s .^  They occur
m ost f r e q u e n t ly  w ith  11- o r  12- membered r in g s .  A ll th e
d i e s t e r s  c o n ta in in g  re tro n e c in e  so f a r  te s te d  a re  to x ic .
Thus th e  m acro cy c lic  d ie s t e r  a lk a lo id s  a re  o f i n t e r e s t
p r in c ip a l ly  fo r  t h e i r  h e p a to to x ic  p r o p e r t ie s .  I t  has been 
20su g g e s te d  th a t  th e  conform ation  o f th e  m acrocyclic  r in g
p la y s  an  im p o rtan t p a r t  in  de term in ing  the  to x ic  behaviour o f
th e s e  a lk a lo id s .  The conform ations o f  s e v e ra l 11- and
1 2 - membered c y c l ic  d ie s t e r s  have been e s ta b l is h e d  by X -ray 
21
c ry s ta llo g ra p h y . The 11- membered r in g s  adopt a conform ation  
such  th a t  b o th  e s t e r  carbony l groups a re  syn -p a r a l l e l  and 
d i r e c te d  below th e  p lane o f th e  m acro -ring , excep t fo r  t r i -  
chodesm ine where th e  e s te r  groups a re  re p o r te d  to  be a n t i ­
p a r a l l e l .  P y r ro l iz id in e  a lk a lo id s  c o n ta in in g  12- membered 
r in g s  e x i s t  in  a  conform ation  w ith  th e  carbony l groups 
a n t i - p a r a l l e l . T his d if fe re n c e  in  d is p o s i t io n  o f the  
m acro cy c lic  r in g s  i s  i l l u s t r a t e d  in  th e  p .m .r . s p e c tra  o f 
th e  two c la s s e s  o f  compound. The gem inal C-9 p ro tons o f 
th e se  e s t e r s  g ive  r i s e  to  a  c h a r a c te r i s t i c  AB q u a r te t .
The d if f e r e n c e  in  th e  chem ical s h i f t s  o f th e se  p ro to n s  i s  
h e lp f u l  in  d e term in ing  r in g  s iz e .  In  11- membered r in g s ,  
th e  d if f e r e n c e  i n  chem ical s h i f t s  i s  ty p ic a l ly  0 to  0 .73  ppm 
w h ile  in  12-  membered r in g s ,  th e  range i s  u su a lly  1.25  to  
1 .53 ppm. 1
I t  seems p o s s ib le  th e re fo re ,  th a t  th e re  i s  a r e la t io n s h ip
betw een r in g  conform ation  and th e  chem ical s h i f t  d if fe re n c e
o f  th e  C-9 p ro to n s . This may be s ig n i f i c a n t  w ith  reg a rd
to  th e  to x ic  p ro p e r t ie s  o f th e  a lk a lo id s .  The conform ation
o f  th e  bonds around C—9 may have a marked e f i e c t  on th e  ease
o f  o x id a tio n  o f  th e  p y r ro lin e  r in g  o r on the r a t e  o f h y d ro ly s is
o f  th e  e s t e r  fu n c tio n . The r a te  o f p ro d u c tio n  o f the  to x ic
p y r ro le  m e ta b o lite  might th e re fo re  be in flu e n c e d  by th e se
23 24f a c t o r s .  There has been some debate ’ on the  p re c is e  
r e l a t io n s h ip  between s t r u c tu r e ,  conform ation , and to x ic i ty
- 6 -
i n  th e s e  a lk a lo id s .  Wien ROBINS and SAKDARAT25 co n s tru c te d
an analogue o f  th e  11-membered re tro n e c in e  d ie s te r s  th e
p o s s i b i l i t y  emerged fo r  th e  sy n th e s is  o f  analogues w ith
s p e c i f i c  s t r u c t u r a l  f e a tu r e s .  Study o f th e  r a t i o s  o f p y rro le
fo rm a tio n  and e s t e r  h y d ro ly s is  o f th e se  analogues to g e th e r
w ith  t h e i r  to x i c i t y  might le a d  to  a  b e t t e r  u n d erstand ing  o f the
r e la t io n s h ip  betv/een a lk a lo id  s t r u c tu r e ,  conform ation  and
t o x i c i t y .  Some work in  t h i s  d i r e c t io n  has been c a r r ie d  out
w ith  th e  s y n th e s is  o f  a  s e r ie s  o f 11-membered d ie s t e r  a lk a lo id s .
T h is  work i s  d e ta i le d  in  CHAPTER 2 . The development o f th e
method o f  ROBINS and SAKDARAT in to  a sy n th e s is  o f d ic r o ta l in e  (6)
th e  s im p le s t  o f  th e  n a tu ra l  11-membered m acrocyclic  a lk a lo id s
a ls o  appeared  f e a s ib l e .  D ic ro ta lin e  (6) had been re p o r te d  in
2 6 *1944 i n  C r o ta la r ia  du ra  and C. g lo b i f e r a  by MARIAS.
26Seeds o f  C. dura* were o b ta in ed  and found to  c o n ta in  d ic r o ta l in e  1
a lth o u g h  th e  s te re o c h e m is try  a t  C-13 in  th e  a c id  p o r tio n  was
n o t known. The s y n th e s is  o f d ic r o ta l in e  and e lu c id a t io n
o f  th e  s te re o c h e m is try  a t  C-13 in  the  a lk a lo id  i s  d e sc r ib e d
i n  CHAPTER 3 .
Seeds o f  C. g lo b ife ra *  were a lso  examined fo r  t h e i r
a lk a lo id  c o n te n t in  th e  e x p e c ta tio n  th a t  they  would y ie ld
26a  f u r th e r  sample o f  d ic r o t a l i n e .  However, i t  was found th a t  
C« g lo b i f e r a  d id  n o t c o n ta in  d ic r o ta l in e ,  b u t two o th e r  
p y r r o l i z id in e  a lk a lo id s  were p re s e n t .  The i s o la t io n  and 
i d e n t i f i c a t i o n  o f th e se  a lk a lo id s  i s  d e sc rib e d  in  CHAPTER 4*
1 .4  SYNTHESIS OF THE NBCINE BASES.
The n ec in e  bases  p rov ide  many a t t r a c t i v e  s y n th e t ic  t a r g e ts ,
and th e  chem ical l i t e r a t u r e  abounds w ith  s y n th e s is  o f  th e se  
1 ^m o le c u le s . U n fo rtu n a te ly , most o f t h i s  work has been 
d i r e c te d  tow ards th e  sim ple s a tu ra te d  b a se s . The more c h a lle n g in g  
u n s a tu ra te d  and more h ig h ly  oxygenated bases have been 
la r g e ly  ig n o re d . I t  i s  th e  ro u te s  a p p lic a b le  to  th e se  more 
complex b ases  which a re  summarised in  th i s  s e c t io n .
•We a re  g r a te f u l  to  Mr. B .D .S ch rire , C u ra to r, N a ta l H erbarium , 
and H r. C .H .S ir to n , B o ta n ic a l R esearch I n s t i t u t e ,  P r e to r i a ,  
f o r  o b ta in in g  seeds o f  C ro ta la r ia  d u ra  and C r o ta la r ia  g lo b i f e r a .
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Examples o f  such bases a re  su p in id in e  (1 1 ), re tro n e c in e  ( 3) 
and c ro ta n e c in e  (1 2 ) .
The th re e  fo llo w in g  approaches to  th e  s y n th e s is  o f th e  
p y r r o l i z id in e  n ucleus r e p re s e n t  a s e le c t io n  o f the  more 
po w erfu l methods which have been used fo r  the  sy n th e s is  o f  
th e se  n a tu r a l  b a s e s .
1 .4 .1  THE 1,3-DIPOLAR CYCLOADDITION REACTION
T his r e a c t io n  was developed p r in c ip a l ly  by HUISGSN and 
co -w orkers and has been adap ted  by PIZZORHO and ALBQNICO^ 
and l a t e r  by TUPARIELLO e t  a l ^  fo r  the s y n th e s is  o f  the  
n e c in e s .  The ro u te  o f  PIZZORNO and ALBONICO (SCHEME 2) 
in v o lv e d  th e  a d d i t io n  o f  e th y l  p ro p io la te  to  th e  1 ,3 -d ip o le  
o f  th e  oxazo lium -5-ox ide  (13) formed by d eh y d ra tio n  o f N -form yl- 
L -p ro lin e  (14)« Spontaneous d eca rb o x y la tio n  o f th e  adduct (15) 
gave e th y l-2 ,3 -d ih y d ro -1 H -p y rro liz in e -7 -c a rb o x y la te  ( 16) 
i n  good y i e ld .
( 11) (3) ( 12)
o
C 02Et
(14) (13) ( 15) to
C 02Et C 02Et
- C 0 2
(16) (17)
scua.iE 2
C a ta ly t ic  hyd ro g en a tio n  o f t h i s  m a te r ia l  ( 16) a ffo rd ed  
e th y l  endo -p y r r o l iz id in e - 1 - c a r b o y / la te  (1 7 ) . This could 
th e n  he co n v e rted  in to  ( - ) - is o r e t ro n e c a n o l  ( 18) (hydride  
re d u c t io n )  o r ( - ) - tra c h e le n th a m id ln e  ( 19) (e p im e r is a t io n  p lu s  
r e d u c t io n )  • The scope o f  t h i s  r e a c t io n  has been g re a t ly  
enhanced  by ROBINS and SAKDARAT. They developed a method 
f o r  th e  c o n v e rs io n  o f  endo-p y r ro l iz id in e -1 -c a rb o x y la te s  in to  
t h e i r  1 ,2 -d i.dehydro  an a lo g u es . This procedure i s  i l l u s t r a t e d  
i n  t h e i r  s y n th e s is  o f  ( - ) - s u p in id in e  (11) (Scheme 3)* A 
p h e n y lse le n o  group was in tro d u c e d  a  to  th e  e s t e r  fu n c tio n  
o f  (17)«  The p ro d u c t was th e n  reduced to  th e  a lc o h o l. 
Therm al e l im in a t io n  o f  th e  d e riv e d  se len o x id e  gave ( - ) -  








■*2BOHLMANN e t  a l  have re p o rte d  a  ro u te  to  the  
7 -h yd roxynecines by p e re s te r  o x id a tio n  o f th e  a c t iv a te d  
1—p o s i t io n  o f  th e  2 , 3~dihydro -1 H -p y rro liz in e -7 -c a rb o x y la te s  
a v a i la b le  by th e  method o f FIZZORNO and ALBONICO (SCHEME 4) .
PhCO
SCHEME 4
An a l t e r n a t iv e  ro u te  to  the  necine bases using
1 ,3 - d ip o la r  c y c lo a d d it io n  ha3 been tak en  by TUEARIELLO and 
LEE ^  i n  t h e i r  s y n th e s is  o f ( - ) - r e tro n e c in e  (SCHEME 5)*
I n  t h i s  case the  1 , 3 -d ip o le  i s  p rov ided  by th e  
p y r ro lin e -1 -o x id e  (2 0 )•  A dd itio n  o f  th i s  d ip o le  to  methy1 - 
V -hy d ro x y cro to n a te  (2*1) gave th e  oxazole d e r iv a tiv e  (2 2 ) . 
M e sy la tio n , fo llow ed  by h yd rogeno lysis  o f the  N-0 bond 
produced th e  p y r r o l iz id in e  e s t e r  ( 23) •  D ehydration , re d u c tio n  
and h y d ro ly s is  s te p s  then  y ie ld e d  ( - ) - r e tro n e c in e  ( 3) *
MeQ OMe MeO OMe C 0 2Me
e
OH
MeO OMe C 02Me OHHO
SCHEME 5
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Development o f  th e  s y n th e t ic  s t r a te g y  based  on N-form yl 
p ro l in e  f o r  the  s y n th e s is  o f c ro ta n e c in e  (12) has been 
in v e s t ig a t e d .  T his work i s  d isc u sse d  in  CHAPTER 5.
1 ,4 * 2 . INTRAMOLECULAR OPENING OP CYCLOPROPANES
T his r e a c t io n  has been used by DANISHEFSKY e t  a l  
i n  th e  s y n th e s is  o f  W - i s o r e t r o n e c a n o l ^ ' (18) (SCHEME 6) ,  
and ( - ) - h a s ta n e c in e 35(24) (SCHEME 7 ) .  While i t  o f f e r s  the  
p o s s i b i l i t y  fo r  c o n s tru c t io n  o f more e la b o ra te  nec ine  s t r u c tu r e s ,  
t h i s  method s u f f e r s  from th e  need to  p rep a re  r a th e r  complex 




H CH2OHI / — *“ (18)
N /
SCHEME 6







1 • 4»3♦ INTRA]:10LECULAR ITUCLEOPHILIC ATTACK ON IMINIUM IONS DERIVED 
FROM < y - ( TERTI ARYAMINO) ACIDS.
T his p a r t i c u l a r ly  pow erful method fo r  g en e ra tin g  1-  
a z o b ic y c lo - | x ,z ,o ]  a lk an es  has been developed p r in c ip a l ly  
by RAPOPORT and co-w orkers a t  B erek ley . T heir g en e ra l 
app roach  i s  shown in  SCHEME 8 .
I t  in v o lv e s  th e  N -a lk y la tio n  o f c y c l ic  a  -amino a c id s  
such  as  ( 25) w ith  a  s id e  ch a in  o f s u i ta b le  le n g th  ca rry in g  
a  p o t e n t i a l l y  n u c le o p h ilic  carbon atom, e .g .  a s u b s t i tu te d  
m a lonate  e s t e r  o f  th e  type (2 6 ) . The amino ac id  i s  
d e c a rb o n y la te d  by h e a tin g  w ith  phosporous o x y ch lo rid e .
The r e s u l t i n g  iminium s a l t  i s  d is so lv e d  in  w ater and c y c l i s a t io n  
i s  e f f e c t e d  by a d ju s t in g  th e  pH o f th e  s o lu tio n  to  an 
a p p ro p r ia te  v a lu e .
BrCH2(CH2)CH(C02Et)z CQ,H
(23
^ C O  H H 2
(25)
V  /C H (C 02Et)2
("V
CHfcOEt)
/   ^ 2 J2
N ^ J C H 2) m
CH(c02Et)
SCHEME 8
U n fo r tu n a te ly , t h i s  method has major drawbacks when 
a p p lie d  to  th e  s y n th e s is  o f  th e  1-aza b icy c lo p  octane
system  o f  th e  nec in e  b a se s . The re q u ire d  a lk y l bromide 
( 2-b rom oetliy lm alonate) r e a d i ly  c y c lis e d  to  a  cyclopropane 
d e r iv a t iv e  under th e  r e a c t io n  c o n d itio n s . A ttem pts to 
a v o id  t h i s  c o m p lica tio n  by u t i l i s i n g  the  aldehydom alonate (27) 
a ls o  f a i l e d  due to  th e  c y c l is a t io n  o f the f i r s t  iminium
ion formed. (SCHEME 9)
BzOCV> N
( « 0 p
E t0 2CT
EtOC
A lk y la tio n  w ith  2-brom oethylidem alonate a lso  f a i l e d  
to  g iv e  d e s ir e d  p roduct due to  cyclopropane fo rm ation , 
t h i s  tim e preceded  by 1 ,4  a d d i tio n  to  the  a /3 —u n sa tu ra te d  
system  (SCHEME 10) •
T his problem  o f  cyclopropane fo rm ation  was overcome by 
u s in g  s u b s t i tu t e d  brom ides o f  th e  type ( 29) • However, th e  
p y r r o l i z id in e s  formed from th e se  more h ig h ly  s u b s t i tu te d  
brom ides a re  becoming f u r th e r  removed from th e  n a tu ra l  bases* 
The s y n th e s is  o f  th e  3-u n s u b s t i tu te d  h e te ro c y c le s  was 
e v e n tu a l ly  ach ieved  by u t i l i s i n g  the  t r i e s t e r  ( 30) •
P r io r  to  th e  p u b lic a tio n  o f  RAPOPORT'S work, t h i s  g e n e ra l 
app roach  had been co n s id e re d  fo r  in c lu s io n  in  th i s  p re se n t 
work* The in te rm e d ia te  (31) was sy n th e s ise d  and some 
e x p lo ra to ry  a tte m p ts  were made to  c y c l is e  th i s  compound to  
a  p y r r o l i z id in e  s tru c tu re *





However, a f t e r  th e  p u b lic a tio n  o f  the  above work, i t  
was c o n s id e re d  in a p p ro p r ia te  to  con tinue th i s  approach from 
a  s y n th e t ic  p o in t  o f  view .
Work on th e  p ro d u c tio n  o f  iminium ions was no t t o t a l l y  
abandoned, as  i t  was env isaged  th a t  the  s y n th e s is  o f  a 
doubly  la b e l le d  form (32) (SCHEME 11) could  be c a r r ie d  o u t.  
T h is  m a te r ia l  would be o f co n s id e ra b le  va lue  in  th e  study o f 
n e c in e  b io s y n th e s is  ( CHAPTER 1 se c tio n  5 .2 ) .  This work i s  
in c lu d e d  i n  C hapter 5*




1 .5 .1 .  BIOSYNTHESIS -  THE ACIDS
C ursory  exam ination  o f  th e  C ^  n ec ic  ac id  s tru c tu re s  
( th e  l a r g e s t  group) su g g es ts  te rp e n o id  d e r iv a t io n .  More 
d e t a i l e d  exam ination  re v e a ls  th a t  th e  mode o f  coup ling  and 
p a t t e r n  o f  oxygenation  i s  in c o n s is te n t  w ith  b io g e n esis  from
-jO
m e v a lo n a te . I t  has been shown th a t  m evalonate i s  n o t a
39
d i r e c t  p re c u rs o r  o f th e  n ec ic  a c id s  t e s t e d .  CROUT has 
in v e s t ig a te d  th e  b io s y n th e s is  o f  h e lio su p in e  (33) in  
Cynoglossum o f f i c i n a le  p la n ts .
OH
He has shown th a t  v a lin e  (34) i s  s p e c i f ic a l ly  in c o rp o ra te d  
in to  e c h im id in ic  a c id  (35) th a t  is o le u c in e  ( 36) i s











CROUT has su g g ested  th a t  a n g e lic  a c id  (37) i s  formed by 
is o m e r is a t io n  o f  t i g l i c  a c id ,  a  known in te rm e d ia te  on the  
m e ta b o lic  pathway from is o le u c in e  ( 36) to  a c e ty l  Co A, (SCHEME 12)
Evidence fo r  t h i s  co n v ers io n  was o b ta in ed  by McGAW and 
W o o lle y ^  They fe d  1 -^ C  t i g l i c  ac id  to  C, o f f ic in a le  
p la n ts  and found th a t  i t  i s  in c o rp o ra te d  s p e c i f i c a l ly  in to  
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41CROUT and co-w orkers have a lso  shown th a t  is o le u c in e  
( 36) and th re o n in e  ( 38) a re  in c o rp o ra te d  in to  th e  l e f t  








F u r th e r  work^1 by th e se  w orkers showed th a t  th e  la b e l l in g  
p a t t e r n  o f  se n e c ic  ac id  o b ta in ed  by fe e d in g [2- 1^c] a n d U -^ c ]  
is o le u c in e  to  Senecio m agn ificus p la n ts  i s  c o n s is te n t  
w ith  b io s y n th e s is  from two is o le u c in e  m olecules w ith  lo s s  
o f  b o th  ca rb o x y l carbons* ROBINS and CROUT^ have shown 
t h a t  th re o n in e  and is o le u c in e  a re  s p e c if ic  p re c u rso rs  f o r  
m o n o c ro ta lic  a c id  ( 40) •
On th e  b a s is  o f  th e  above feed in g  r e s u l t s ,  i t  was 
c o n s id e re d  th a t  v a l in e  and is o le u c in e  a re  l ik e ly  p re c u rso rs  
f o r  th e  a c id  p o r tio n s  o f  two r e la te d  a lk a lo id s  trichodesm ine  
( 46) and g lo b i f e r in e  ( 41) (proposed  s t ru c tu re )  which were 
i s o l a t e d  from C r o ta la r ia  g lo b i f e r a  p la n ts  in  th e  course o f  
th e  p re s e n t  work ( CHAPTER 4) • The p re lim in a ry  feed in g  
exp erim en ts  a re  d e sc rib e d  in  CHAPTER 6 .




1 * 5 ,2 . BIOSYNTHESIS-THE BASES.
R e tro n ec in e  ( 3) ,  the  most common o f th e  nec ine  b a se s , 
i s  th e  on ly  one on which b io s y n th e tic  s tu d ie s  have been 
c a r r i e d  o u t .  The known b io s y n th e tic  pathway i s  o u tl in e d  
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In  1962 BYERRUM and NOY/ACKI43 fed  [ 2 -  4c ]  o rn ith in e  ( 42) 
to  C r o ta la r i a  s p e c ta b i l i s  p la n ts ,  which produce the  
r e t ro n e c in e  based  a lk a lo id  m o n o cro ta lin e . They o b ta in ed  
r a d io a c t iv e  m onocro ta line  which on d eg rad a tio n  was shown 
to  be l a b e l le d  on ly  in  th e  re tro n e c in e  p o r t io n .  L a te r  
work by BOTTOMLEY and GEISSMAN44 confirm ed th i s  r e s u l t .
They fe d  [ 2 - ^ 4c] -  and [ 5 - ^ 4c ]  o rn ith in e  ( 42) to  Sececio 
d o u g la s i i  p la n ts  and found th a t  th e  r a d io a c t iv i ty  was 
c o n fin e d  to  the  b a s ic  p o r tio n  o f  th e  a lk a lo id .  F u r th e r  
d e g ra d a tio n  o f  th e  re tro n e c in e  showed th a t  25/o o f th e  
t o t a l  r a d io a c t i v i t y  o f th e  re tro n e c in e  was a s s o c ia te d  
w ith  th e  hydroxy m ethyl carbon  (C—9) • The same r e s u l t  
was o b ta in e d  w ith [ l  ,4 -^ 4c ]p u tr e s c in e . 44 From th e se  
r e s u l t s  BOTTOMLEY and GEISSMAN in fe r re d  th a t  two m olecules 
o f  o r n i th in e  a re  used to  form re tro n e c in e  v ia  a mechanism 
i n  w hich C-2  and C-5 of o rn i th in e  become e q u iv a le n t,  
presum ably  v ia  p u tre s c in e , a t  l e a s t  in  th e  b io sy n th e s is  
o f  th e  r i g h t  hand r in g .  They f u r th e r  p o s tu la te d  th a t  
a  sym m etrica l C4-N-C4 u n i t  deriv ed  from two p u tre sc in e  




ROBINS and SWEENEY^ provided  f u r th e r  evidence fo r
t h i s  pathway by s im ila r  experim ents w ith  p re c u rso rs
used  by BOTTOMLEY and GEISSMAN* They degraded th e  r a d io a c tiv e
r e t r o n e c in e  by osmium te tro x id e /p e r io d a te  o x id a tio n  to
y i e l d  C-9 as form aldehyde. They showed th a t  in  a l l
ex p erim en ts  about a  q u a r te r  o f th e  t o t a l  r a d io a c t iv i ty
was lo c a te d  a t  C -9. Chromic a c id  o x id a tio n  o f re tro n e c in e
y ie ld e d /J -a la n in e  co rrespond ing  to  C -(5+6+7) o f re tro n e c in e
w hich c o n ta in e d  a  f u r th e r  q u a r te r  o f the t o t a l  r a d ip a c t iv i ty
i n  each  ex p erim en t,
KHAN and ROBINS^ fe d [ l  ,4 - 1^C„l p u tre s c in e  to  Senic+o
13 2i s a t i d e u s  p la n t s .  The C.M.R. spectrum  o f th e  r e s u l t a n t
r e t r o n e c in e  showed equal enhancement (co rrespond ing  to  a 
13C enrichm ent) o f  th e  fo u r  s ig n a ls  co rrespond ing  to  
C -3, C -5, C-8 , and C-9. These r e s u l t s  a re  in  agreem ent 
w ith  th e  proposed b io s y n th e tic  pathway (SCHEME 13A),
KHAN and ROBINS then  fed  d o u b ly -la b e lle d [ 2 , 3- 1 3c J  
p u tre s c in e  to  S . i s a t id e u s  p la n ts .  The C.M.R. spectrum  
o f  r e t ro n e c in e  o b ta in ed  showed two p a i r s  o f doub le ts  
c o rre sp o n d in g  to  C-1/C-2 and C-6/C-7 ag a in  su p p o rtin g  






In  a f u r th e r  double la b e l l in g  experim ent^7 [l-am ino1 ^N ;1-1 -*c] 
p u tre s c in e  was fed  to  So i s a t i d e u s . As b e fo re  th e  C.M.R. 
spectrum  showed enhancement of the s ig n a ls  fo r  C—3» G—5» C—8 
and C—9 o f  r e t ro n e c in e .  The C.M.R. spectrum  a lso  showed 
two d o u b le ts  o f  equ a l in t e n s i ty  co rrespond ing  to  C-3/N -4, 
and C -5/N -4 . These d o u b le ts  were a lso  observed in  th e
15
N m agnetic  resonance  spectrum . The enrichm ent f a c to r  
f o r  th e se  d o u b le ts  was h a l f  o f th e  t o t a l  enrichm ent 
f a c t o r  f o r  th e  C-3» C-5, C-8 and C-9 s ig n a ls  in d ic a tin g  
e q u a l amounts o f [ 13C-15N ]and[13C-14N] sp ec ie s  a s so c ia te d  
w ith  C-5 and C-3 (SCHEME 13c ) .
15.NH NH
NH NH




T his i s  very  convincing  evidence fo r  the  e x is te n c e  o f
a  C4-N-C4 sym m etrica l in te rm e d ia te  such as homospermidine (44)
A l a t e r  independen t experim ent by GRUE-SORENSEN and SPENSER^
49confirm ed  t h i s  r e s u l t .  KHAN and ROBINS a lso  fed  
homo sperm id ine  (44) d o u b le - la b e lle d  w ith  ”^ C  in  the  
te rm in a l carbon  p o s i t io n s .  On d eg rad a tio n  about h a l f  o f 
th e  a lk a lo id  r a d io a c t iv i ty  was lo c a te d  a t  C-9 and the  
/5 -a lan in e  d e g ra d a tio n  p roduct C -(5+8+7) was in a c t iv e .
T his i s  c o n s is te n t  w ith  the  proposed pathway (SCHEME 13^)*





F in a l ly ,  th e  id e n t i t y  o f  homo sperm idine as an in te r r j i |d ia te  
was proved  by an in te rm e d ia te  tra p p in g  experim ent. [ 5-  c]~
O rn ith in e  was fe d  to  S . . is a t id e u s  p la n ts .  The p la n ts  
w ere h a rv e s te d  24 hours l a t e r  and e x tra c te d  w ith  t r i ­
c h lo ro a c e t ic  a c id .  In a c t iv e  homospermidine was added 
to  th e  e x t r a c t  and the  homospermidine was i s o la te d  as i t s  
phenyl th io u re a  d e r iv a t iv e .  This m a te r ia l  was r e - c r y s ta l l i z e d  
to  c o n s ta n t s p e c if ic  r a d io a c t iv i ty  and shown to  r e t a i n  0 .5^  
o f  th e  o r ig in a l  r a d io a c t iv i ty  fe d .
The b io s y n th e t ic  pathway between homospermidine(44) 
and r e t r o n e c in e ( 3) (SCHEME 13) has s t i l l  to  be in v e s t ig a te d .
A p o s s ib le  in te rm e d ia te  on th i s  p a th  i s  th e  iminium 
io n  ( 45) , which m ight be formed by the  convers ion  o f  one o f 
th e  p rim ary  amino groups o f  (44) in to  an aldehyde fo llow ed  
by c o n d en sa tio n  to  g ive th e  S c h i f f ’ s base (4 5 ) . Subsequent 
o x id a tio n  o f  th e  rem aining amino fu n c tio n  o f t h i s  sp e c ie s  
fo llo w ed  by n u c le o p h ilic  a t ta c k  by th e  o -ca rb o n  on th e  
im inium  io n  would then  g en e ra te  th e  1 -aza b icy c lo -[ 3 .3 .0 .]  octane 
s k e le to n .  To t e s t  th i s  p o s tu la te  in  feed ing  experim en ts, 
th e  doubly la b e l le d  sp e c ie s  (32) i s  re q u ire d . T h ere fo re , 
th e  s y n th e s is  o f  u n la b e lle d  (45) was in v e s t ig a te d .  This 
work i s  d e sc rib e d  in  CHAPTER 5«
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SYNTHESIS OF 11 -T.I3MB3RED EACROCYCLIC DIESTER'ALKALOID
ANALOGUES
2.1 INTRODUCTION
One o f th e  m ajor s y n th e t ic  ch a llen g es  in  the  f i e l d  
o f  p y r r o l iz id in e  a lk a lo id  chem istry  i3 the  sy n th e s is  o f 
m a cro cy c lic  d i e s t e r  a lk a lo id s  based on re tro n e c in e  ( 3 ) .  
The s y n th e s is  o f the  sim ple d ie s t e r  a lk a lo id s  i s  
r e l a t i v e l y  s tra ig h tfo rw a rd , b u t a t  th e  o u ts e t  o f t h i s  
work none o f  th e  n a tu ra l  m acrocyclic  a lk a lo id s  had 
been  s y n th e s is e d . The s y n th e s is  o f an analogue was 
ach iev ed  in  1979 by NOBINS and SAKHAHAT/^ T heir 
s y n th e s is  o f  1 3 ,1 3-dim ethy1 -1 ,2 -d id e h y d ro c ro ta la r in e  (47) 
i s  o u t l in e d  in  SCHEME 14*
plus  C-7 monoester
p lu s  C-7 monoester
o  \  °  s y
> N N
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(47)
SCHEME 14
I t  was decided  to  in v e s t ig a te  t h e i r  method f u r th e r  
w ith  th e  in te n t io n  o f u sing  i t  in  th e  sy n th e s is  o f 
some o f  th e  n a tu r a l  a lk a lo id s .  I t  was a n t ic ip a te d  
t h a t  t h i s  work m ight g ive in fo rm atio n  re le v a n t to  the  
s t r u c tu re /c o n fo rm a t io n / to x ic i ty  r e la t io n s h ip s  
d is c u s s e d  in  CHAPTER 1 .3 .
2 .2  SOME NOTES ON THE PROTON MAGNETIC RESONANCE AND 
MASS SPECTRA OF THE MACROCYCLIC HISSTBR ALKALOIDS.
2 . 2 .1 .P.M .R. SPECTRA.
0 =
o
The s ig n a ls  due to  the  p ro tons a t  C—7 aJ^d C—9 
re tro n e c in e  g ive  the  most u se fu l in fo rm atio n  about the  
s t a t e  o f  e s t e r i f i c a t i o n  o f the m olecule . .Vhen the  
C-7 and C-9 hydroxyl groups a re  not e s t e r i f i e d  th e se  
C-H p ro to n s  g ive  r i s e  to  s ig n a ls  in  the  reg io n
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b  4»0“ 4«3 ppm. h 3 te r i f ic a t io n  a t  C—7 o f re tro n e c in e  
s h i f t s  th e  H-7 s ig n a l  to  around b  5.05 ppm.
E s t e r i f i c a t i o n  a t  C-9 g iv es  r i s e  to  a v a r ie ty  o f 
s ig n a ls  due to  th e  p ro tons  a t  C-9 depending on the 
e x te n t  o f  m agnetic non-equ ivalence o f  th e se  
d ia s te r e o to p ic  p ro to n s . In  the  s im p le s t case where 
th e  p ro to n s  a re  n e a r ly  m ag n e tica lly  e q u iv a le n t they 
g iv e  r i s e  to  a  b road  s in g le t  a t  about 6 4*8 ppm. As 
th e  deg ree  o f  non-equ iva lence becomes g re a te r ,  th i s  
s ig n a l  re s o lv e s  in to  an AB q u a r te t  d is t r ib u te d  more 
o r  l e s s  sy m m etrica lly  about the  chem ical s h i f t  which 
would be expec ted  i f  th e  p ro to n s  were e q u iv a le n t .
The d if f e re n c e  in  m agnetic environm ents o f the  C-9 
p ro to n s  i s  l a r g e s t  in  the  case o f the  m acrocyclic 
d i e s t e r  a lk a lo id s  due to  th e  r e s t r i c t i o n  o f r o ta t io n  
ab o u t th e  C -l/C -9  bond. The d if fe re n c e  in  the  
chem ica l s h i f t s  o f  th e se  two p ro tons a t  C-9 i s  con­
v e n ie n t ly  re p re s e n te d  as A 6  H-9. The occurence o f  th i s  
AB q u a r te t  w ith  a  A S  H-9 o f  0 .4  ppm o r g re a te r  i s  
c o n s id e re d  to  be convincing  evidence fo r  the  ex is ten ce  
o f  a  m acro cy clic  d ie s t e r  (CHAPTER 1 .3 ) .  The appearance 
o f  t h i s  q u a r te t  i s  c h a r a c te r i s t i c ,  see f i g s .  1 and 2 
(CHAPTER 2 ) ,  f i g s .  3 and 4 (CHAPTER 3) and f i g . 7 
(CHAPTER 4) . The dow nfield doub le t i s  u su a lly  very  
sh a rp , in d ic a t in g  th a t  th e  C-9 dow nfield  p ro to n  i s  in  
o r  n e a r ly  in  th e  p lane o f  th e  C—1/C—2 double bond 
(and  th u s  d e s h ie ld e d ) • The u p f ie ld  d o u b le t i s  broadened 
by a d d i t io n a l  a l l y l i c  co up ling , so th a t  i t  i s  sometimes 
d i f f i c u l t  to  id e n t i f y  w ith o u t the  a id  o f decoupling 
ex p e rim e n ts .
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2 .2 ,2  MASS SPECTRA
The mass spectrum  i s  p a r t i c u la r ly  u s e fu l in  id e n tify in g  
th e  base  p o r t io n  o f  p y r ro l iz id in e  a lk a lo id s .  Two 
c h a r a c t e r i s t i c  frag m e n ta tio n  p a t te rn s  o f a m acrocyclic 
d i e s t e r  o f  re tro n e c in e  a re  shown in  SCHEME 15.
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I f  th e re  i s  a  hydroxyl group a  to  the  a l ly  l i e  


















I n  each o f the  fo llo w in g  syn theses  o f m acrocyclic 
d i e s t e r s  a s m a ll- s c a le  p re lim in a ry  experim ent was 
c a r r i e d  o u t to  e s ta b l i s h  th a t  the  r e a c tio n  o f each 
an h y d rid e  w ith  (+ )- r e tro n e c in e  d id  produce the 
e x p ec ted  m o noesters. The m olecu lar io n , i . r .  spectrum , 
and p .m .r .  spectrum  o f th e  o b ta in ed  m a te r ia ls  were 
c o n s i s te n t  w ith  th e  proposed s t r u c tu r e s .
2 .3  11.1 3-DIMBTHYL-1,2 -PIDSHYDROCROTALANIITS (47)
As a  s t a r t i n g  p o in t fo r  t h i s  work th e  sy n th e s is  
o f  (47) was re p e a te d . A chloroform  s o lu tio n  o f 
(+ ) - r e t r o n e c in e  was t r e a te d  w ith  one e q u iv a le n t o f 
3 , 3 -d im e th y lg lu ta r ic  anhy d rid e . A fte r  12 hours a t  
room tem p era tu re  th e  so lv e n t was removed a t  reduced 
p re s s u re  to  le av e  a m ixture o f th e  C-9 and C-7 
m onoesters  as a gum. This m ixture was d isso lv ed  in  
dim ethylforraam ide (D.M.F.) . T riphenylphosphine and 
2 , 2 *  - d ip y r id y ld is u lp h id e  were added and th e  so lu tio n  
l e f t  a t  room tem pera tu re  to  allow  the  th io e s te r  to  form. 
The c y c l i s a t io n  was ach ieved  by h e a tin g  th e  th io e s te r  
s o lu t io n  a t  h ig h  d i lu t io n .  C onditions o f h igh  
d i l u t i o n  were o b ta in ed  by adding the th io e s te r  s o lu tio n  
o v e r a  p e r io d  o f  s e v e ra l hours to  re f lu x in g  D.M.F.
The p ro d u c t was i s o la te d  by removal o f so lv en t fo llow ed 
by a c id /b a s e  r e c y c l in g .  The crude base was p u r if ie d  
by p r e p a ra t iv e  t . l . c .  ( y ie ld  494). T*19 s p e c tr a l  and
a n a l y t i c a l  d a ta  o b ta in ed  fo r  t h i s  m a te r ia l  were 
i d e n t i c a l  w ith  th o se  o b ta in ed  fo r  a  sample o f  (4?) 
p ro v id ed  by th e  p rev io u s w orkers.
I t  was co n sid e red  th a t  th e  y ie ld  o f 4 9 J ob ta ined  
was r a th e r  low fo r  such a  sim ple system . The 
c o n d it io n s  used fo r  the  c y c l is a t io n  ( re f lu x in g  D.M..?.) 
w ere a ls o  though t to  be too extreme to  be s u ita b le  
f o r  use in  th e  sy n th e s is  o f more complex system s.
- 26 -
S ig n i f i c a n t  amounts (10-30%) o f amide by-products 
were produced  d u rin g  th e  r e a c t io n .  This in d ic a te d  a 
breakdown o f  th e  D.M.F. to  g ive  dim ethylaraine which 





S p e c t ra l  d a ta  o f  th e se  by -p roducts  were c o n s is te n t 
w ith  th e  p resen ce  o f  th e  m ix ture ( a ) .  In  p a r t i c u la r ,  
an amide a b s o rp tio n  was observed a t  1690 cm in  th e  
i . r .  spec trum . The m olecu lar io n  a t  jb/sl 324 in  the 
mass spectrum  i s  c o r re c t  fo r  the  form ula ^ ^ 28^2^4 *
The d im ethylam ide methyl s in g le ts  were observed a t  
(S 3*00 and 2 .90  ppm. These s in g le ts  had a t o t a l  
i n t e g r a l  o f  s ix  tim es th a t  o f the  p y r ro l iz id in e  H-2 
p ro to n .
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In  th e  co u rse  o f  s e v e ra l experim ents u sing  D.M.F. 
as  s o lv e n t  no re p ro d u c ib le  p a t te rn  could  be observed 
i n  th e  p ro p o r t io n s  o f  th e se  b y -p roducts  produced.
I t  was co n s id e re d  th a t  very  sm all changes in  pH o r 
t r a c e  q u a n t i t i e s  o f im p u r it ie s  in  the  r e a c tio n  
m ix tu re  were producing  la rg e  changes in  th e  com position 
o f  th e  p ro d u c t m ix tu re . In  o rd e r to  e lim in a te  the 
problem  o f  s o lv e n t breakdown, 1 , 2-dim ethoxyethane 
(D .M .E.) was t e s t e d  as an a l te r n a t iv e  s o lv e n t.
T h is  im proved th e  r e a c t io n  y ie ld s  to  over 6O70,
I n  an  a tte m p t to  in c re a s e  the  y ie ld  s t i l l  fu r th e r  
i t  was d ec id ed  to  om it th e  i s o la t io n  o f th e  m onoester 
m ix tu re . T h is would in v o lv e  e i th e r  c a rry in g  out the  
m o n o e s te r i f ic a t io n  in  D.M.E. o r  c a rry in g  out the f in a l  
c y c l i s a t i o n  in  ch lo ro fo rm . The l a t t e r  a l te r n a t iv e  
was chosen  as t h i s  would allow  the  re a c tio n  to  be 
c a r r i e d  o u t a t  a  low er tem pera tu re  and thus perm it 
th e  r e a c t io n  to  be a p p lie d  to  le s s  s ta b le  m acrocyclic 
p ro d u c ts .  T h is m o d if ic a tio n  c o n s is te n t ly  gave y ie ld s  
o f  o v e r 80/b.
I t  was found th a t  f o r  r e a c tio n s  on a 0 .5  mmol o r 
l a r g e r  s c a le ,  h ig h e r  y ie ld s  cou ld  be ob ta in ed  by 
vacuum column chrom atography o f th e  t o t a l  co n cen tra ted  
r e a c t io n  p ro d u c t m ix tu re . For sm a lle r  q u a n t i t ie s  
a c id /b a s e  r e c y c l in g  fo llow ed  by p re p a ra t iv e  t . l . c .  
gave b e t t e r  r e s u l t s .
The most i n t e r e s t i n g  a sp e c t o f 11-membered 
m a c ro cy c lic  d i e s t e r  ( 47) i s  i t s  p .m .r . spectrum .
The key f e a tu r e  o f  t h i s  spectrum  i s  the  AB q u a r te t  due 
to  th e  C-9 p ro to n s . (<5> 5*32 and &  4*08* J 12H z).
The la rg e  d if f e r e n c e  in  the  chem ical s h i f t  o f these  
p ro to n s  o f  A 1 «24ppm would p rev io u s ly  have been 
ta k e n  as a s tro n g  in d ic a t io n  o f a 12-merabered 
m acro cy c lic  d i e s t e r  (see  CHAPTER 1.3)»  However, as 
t h i s  m olecule can only  c o n ta in  an 11-membered r in g , 
th e  la rg e  chem ical s h i f t  d if fe re n c e  may in d ic a te  th a t  
th e  con fo rm ation  o f the  d ie s t e r  i s  s ig n if ic a n t ly  
d i f f e r e n t  from th a t  o f th e  o th e r  11-membered
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m acrocycles so f a r  s tu d ie d .  As the  c r y s ta l  s t r u c tu re
o f  t h i s  m olecu le  would be o f i n t e r e s t ,  a s e r ie s  o f
c r y s t a l l i n e  d e r iv a t iv e s  o f (47) w^3 p rep a red . The
p i c r a t e ,  hydrobrom ide and p ic ro lo n a te  d e r iv a tiv e s
c o u ld  n o t be c r y s t a l l i s e d  in  a  form s u i ta b le  f o r
X -ray a n a ly s i s .  The p e rc h lo ra te  s a l t  o f ( 47) was
o b ta in e d  in  a  s u i ta b le  c r y s t a l l i n e  form by the  slow
d i f f u s io n  o f  m ethanol vapour in to  a s a tu ra te d
aqjieous s o lu t io n  o f  th e  s a l t .  The X-ray a n a ly s is
o f  t h i s  d e r iv a t iv e  i s  being  c a r r ie d  ou t b u t i s  no t
y e t  a v a i l a b l e .  A f u r th e r  sample o f  ( 47) p repared
a s  i t s  hydrobrom ide has been te s te d  fo r  i t 3
49h e p a to to x ic  p r o p e r t i e s .  I t  has been shown to  
have a  g r e a t e r  t o x i c i t y  th a n  th e  sim ple re tro n e c in e  
a c y c l ic  d i e s t e r s ,  and a  com parable to x ic i ty  w ith  
m o n o c ro ta lin e  ( 48) ,  which i s  a  common 11-membered 
a l k a lo id .
h o  .  h o
(48)
2 . 4  n . 1 VTETRAIffiTSTYLEHE-1. 2-3IDW IIR0CR0TALAHIN5 ( 4 9 l
(49)
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To t e s t  th e  scope o f  t h i s  re a c t io n  i t  was rep ea ted  
w ith  a  d i f f e r e n t  anhy d rid e , 3, 3 - te tra m e th y le n e g lu ta r ic  
a n h y d rid e . The c y c l i s a t io n  was c a r r ie d  ou t as befo re  
w ith  ch lo ro fo rm  as so lv e n t th ro u g h o u t. This y ie ld ed  
an o i l  which was c h a ra c te r is e d  as i t s  p ic r a te .  The 
h ig h  r e s o lu t io n  mass spectrum  o f th e  f re e  base showed 
a  m o lecu la r  io n  co rrespond ing  to  In
a d d i t io n  a  ty p i c a l  frag m e n ta tio n  p a t te r n  fo r  a re tro n e c in e  
m a c ro cy c lic  d i e s t e r  was observed , w ith  peaks a t  m/z 
137, 136» 120, 119, 94» 93 and 80. The i . r .  spectrum 
o f  (49) showed a  s a tu ra te d  e s t e r  carbonyl ab so rp tio n  
a t  1 730 cm , w ith  no ev idence o f any hydroxyl o r  
c a rb o x y lic  a c id  groups p r e s e n t .  The p .m .r .  spectrum 
c o n ta in e d  an AB q u a r te t  a t  <5 5• 33 and 4*10 ppm ( J 1 3Hz) 
due to  th e  gem inal C-9 p ro to n s . The above s p e c tr a l  
d a ta  a re  ta k e n  as conv incing  evidence th a t  the  m acrocyclic 
d i e s t e r  (49) has been form ed.
2 .5  1.2-DIDSHYDROCHQTALAKIITB (50)
(50)
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The s y n th e s is  o f  1 ,2 -d id e h y d ro c ro ta la n in e  was of 
p a r t i c u l a r  i n t e r e s t  as  i t  i s  th e  p a re n t compound o f the
11-membered m acro cy c lic  d i e s t e r  s e r i e s .
The u su a l method o f c y c l i s a t io n  could  no t be used 
i n  t h i s  c a s e ,  a s  th e  m onoester m ixture o b ta in ed  by the 
r e a c t io n  o f  re tro n e c in e  w ith  g lu t a r i c  anhydride was not 
s o lu b le  in  ch lo ro fo rm , D .M .E .,a c e to n i tr i le ,  o r 
ch lo ro b e n z e n e . The d e s ire d  c y c l i s a t io n  was ev en tu a lly  
a ch iev ed  by a llo w in g  th e  m onoester m ix ture to  be slow ly 
d is s o lv e d  in to  a  s o lu t io n  o f tr ip h en y lp h o sp h in e  and
2 ,2 -d ip y r id y ld i s u lp h id e  by th e  re f lu x in g  D.M.E. so lv e n t.
I t  was su b se q u en tly  d isco v ered  th a t  i f  th e  m onoester 
su sp e n s io n  was r a p id ly  s t i r r e d  fo r  s e v e ra l hours in  a 
ch lo ro fo rm  s o lu t io n  c o n ta in in g  2 .5  m olar eq u iv a le n ts  
o f  tr ip h e n y lp h o sp h in e  and 2 , 2 *  -d ip y r id y ld is u lp h id e  a 
homogenous s o lu t io n  o f  th e  a c t iv a te d  th io e s te r s  was 
o b ta in e d .
A f te r  c y c l i s a t i o n ,  th e  r e a c t io n  m ixture was worked up 
i n  th e  u s u a l manner to  y ie ld  an o i l  in  about 75> y ie ld  
w hich was c h a r a c te r i s e d  as i t s  p i c r a t e .  High r e s o lu t io n  
mass sp e c tro m e try  in d ic a te d  a  m olecu lar form ula of
C. f o r  th e  f r e e  b a se . The c h a r a c te r i s t i c
13 1T  4
f ra g m e n ta tio n  p a t te r n  o f  a m acrocyclic  re tro n e c in e  
d i e s t e r  was a ls o  observed  in  th e  mass spectrum  of (50) • 
The i . r .  spectrum  diowed a  s a tu ra te d  e s t e r  carbonyl 
a b s o rp tio n  a t  1 732 cm • There was no evidence o f 
any h y d ro x y l o r  c a rb o x y lic  a c id  g roups. The p .m .r . 
spectrum  showed an AB q u a r te t  a t  8  4*95 4»34» J 12Hz.
The d if f e r e n c e  in  chem ical s h i f t s  o f  th e  C-9 p ro tons o f 
0 .61 ppm, in  com bination  w ith  th e  o th e r  s p e c tr a l  d a ta , 
i s  c o n s id e re d  s u f f i c i e n t  ev idence to  e s ta b l i s h  the 
s y n th e s is  o f  th e  m acrocyclic  p y r ro l iz id in e  analogue (50)»
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2 .6  1 3^ t J3_S-I?ETHYL-1.2-DIDEHYDnOCROTALANINS (51+52)
T his m ix tu re  was chosen as a sy n th e tic  ta rg e t  p a r t ly
because  i t  i s  a  c lo se  model fo r  d ic ro ta l in e  (6) and i t s
C—13 epim er and a lso  because i t  would be o f i n t e r e s t  to
compare th e  A S  H-9 v a lu es  fo r  the  two isom ers.
As i n  th e  p rev ious case  th e  m onoester m ixture was
found to  be in s o lu b le  in  th e  u su a l c y c l is in g  s o lv e n ts .
T h is  problem  was overcome by forming th e  a c t iv a te d
t h i o e s t e r  i n  D.M.F. (a s  in  2 .2  method 1) and by slow ly
add ing  t h i s  s o lu t io n  to  a  100 fo ld  excess o f  re f lu x in g
D .M .E.. I t  was hoped th a t  by keeping the  D.M.F.
c o n c e n tra t io n  low amide fo rm ation  would be avoided .
S ig n i f ic a n t  amounts o f  th e  amide by-p roducts  were
however found in  the re a c t io n  m ix tu re . A m ixture o f
(13 R )- and (1 3S)-  m e th y l-1 ,2 -d id eh y d ro c ro ta lan in e  was
o b ta in e d  from the  re a c t io n  m ixture by p re p a ra tiv e  t . l . c . .
No t . l . c .  system  could  be found to  se p a ra te  the two
iso m e rs . S p e c tra l d a ta  were th e re fo re  o b ta ined  fo r
th e  m ix tu re  o f  th e  f re e  b a se s .
High r e s o lu t io n  mass spectrom etry  in d ic a te d  a m olecu lar
fo rm u la  o f  fi The i . r .  spectrum  again  rev ea led
14 19 4 a
an a b s o rp tio n  a t  1 732 cm corresponding  to  s a tu ra te d
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e s t e r s  w ith  no ab so rp tio n s  due to  hydroxyl or ca rb o x y lic  
a c id  g ro u p s .
The 90 MHz p .m .r .  spectrum of th i s  m ixture gave 
l i t t l e  in fo rm a tio n  due to  the  ex tensive  overlapp ing  
o f  s ig n a l s .  With a  3&0 MHz spectrum however i t  was 
p o s s ib le  to  re so lv e  each s ig n a l c le a r ly .  As th e  two 
isom ers were no t p re se n t in  equal p ro p o rtio n s  i t  was 
p o s s ib le  to  a s s ig n  the  s ig n a ls  o f the  sep a ra te  isom ers 
by com paring th e  in te g r a ls  and chem ical s h i f t s  o f  each 
s ig n a l*  B y  t h i s  means th e  m ixture was id e n t i f i e d  as 
a  2:1 m ix tu re  o f  th e  two isom ers. The C-9 p ro tons o f 
th e  m ajor component gave r i s e  to  an AB q u a r te t  
( 8  4.81 and 4*30 j?pm,J 12Hz) w ith  a A 8  H-9 of 0.51 ppm. 
The AB q u a r te t  ( 8  5 , 0 2  and 4*03 ppm, J1 2  Hz) due to  the  
C-9 p ro to n s  o f th e  minor component showed a A 8  H-9 
v a lu e  o f  0 .99  ppm.
2 .7  13.1 .3-DIFH3NYL-1.2 -PIDISHYDROCRQTALANIFE (5 3 ) .
3 ,3 -D ip h e n y lg lu ta ric  anhydride (54) was p repared  
by th e  method o f BRIUCS and 3RADBUHY50 ( SCHEME 1 8 ). 
Bensophenone was tr e a te d  w ith  a s o lu tio n  o f m a lo n o n itr ile  
i n  benzene in  the presence o f a c e t ic  a c id . The 
c o n d en sa tio n  was d riv en  to  com pletion by aze o tro p ic  
rem oval o f  v^ater. Hie r e s u l t in g  1 ,1 -d ic y a n o -- , -  d i 




o f  s o d io m a lo n o n itr i le • A c id if ic a t io n  y ie ld ed  3 ,3 -
d ip h e n y l-2 ,4 -d ic y a n o g lu ta rim id e  ( 56) .  This im iie
via.3 h e a te d  a t  r e f lu x  in  a m ixture o f  a c e t ic  and su lp h u ric
a c id s  to  g iv e  th e  d iim ide ( 57) o f 2 , 2-d ipheny lp ropane-1 , 1 , 3 ,
3- te t r a c a r b o x y l ic  a c id . Basic h y d ro ly s is  y ie ld ed  the
te t r a c a r b o x y l ic  a c id  which was decarboxyla ted  in  s i t u
by f u r th e r  h e a tin g  a t  r e f lu x  w ith  excess su lp h u ric
a c id .  The 3 , 3 ~ d ip h en y lg lu ta ric  ac id  (53) thus o b ta in ed
was c o n v e rted  in to  the  anhydride ( 54) by trea tm en t w ith
a c e t i c  an h y d rid e . A n a ly tic a l and s p e c tr a l  d a ta  fo r
t h i s  m a te r ia l  (54) were the  same as those  re p o rte d  by 
50th e  above w orkers.
o Ph / C N
CN P h - ^ ""•CN
Ph Ph
(55)
P h P h
NC CN











The anhydride  ( 54) was t r e a te d  w ith  (+ )- re tro n e c in e  
as  b e fo re  and th e  th io e s te r  form ation  and c y c l is a t io n  
c a r r i e d  o u t in  chloroform  as in  ch ap te r  2 .2 .method 3 . 
I s o l a t i o n  o f  th e  p roduct by e i th e r  column chromatography 
o r  a c id /b a s e  re c y c lin g  and p re p a ra tiv e  t . l . c .  y ie ld e d  a 
c o lo u r le s s  o i l  in  about " J C F / o  y ie ld .  This o i l  began to  
d arken  w ith in  a  few m inutes o f i s o la t io n .  Subsequent 
p u r i f i c a t i o n  by t . l . c .  y ie ld e d  the same o i l  in  about 
6 < y f o  o v e r a l l  y ie ld ,  bu t aga in  i t  s ta r t e d  to  decompose 
a lm o st im m ediate ly . Attem pts to  p repare s ta b le  d e r iv ­
a t i v e s  o f  t h i s  m a te r ia l  such as th e  h y d ro ch lo rid e , 
p ic r a te  o r  raeth iodide r e s u l te d  in  the  fo rm ation  o f 
b la c k  gums. S p e c tra  o f f re s h ly  p repared  samples o f 
th e  f r e e  base were th e re fo re  taken  as ra p id ly  as p o s s ib le .  
The h ig h  r e s o lu t io n  mass spectrum  of th i s  base showed 
a  m o lecu la r  io n  corresponding  to  The
c h a r a c t e r i s t i c  p y r ro l iz id in e  fragm en ta tion  p a t te rn  was 
a ls o  c l e a r ly  v i s ib l e  in  the  mass spectrum . The i . r .  
spectrum  re v e a le d  an a b so rp tio n  a t  1 740 cm ^ , corresponding  
to  a  s a tu r a te d  e s t e r  ca rb o n y l. No ab so rp tio n s  were 
o b serv ed  which could  be a t t r ib u te d  to  ca rb o x y lic  a c id  o r 
h y d ro x y l g ro u p s. These sp ec tro sco p ic  d a ta  were 
c o n s id e re d  to  be convincing  evidence fo r  the  fo rm ation  
o f  (5 3 ) .  The p .m .r . spectrum  a t  f i r s t  seemed a t  
v a r ia n c e  w ith  th i s  r e s u l t .  The c h a r a c te r i s t i c  AB 
q u a r te t  o f  th e  C—9 pro tons was not p re s e n t .  The s ig n a l  
f o r  th e se  p ro to n s  was v i s ib le  as a  broad s in g le t  a t  
8  4*45 ppm. The m agnetic near equivalence o f  the C-9 
p ro to n s  i s  g e n e ra lly  considered  to  be evidence fo r  f re e  
r o t a t i o n  about th e  C—1/C—9 bond, thus excluding  the  
e x is te n c e  o f  a  macro—r in g .  I t  was considered  however 
on th e  grounds o f  the  m .s. and i . r .  d a ta  th a t  the  c y c l ic  
d i e s t e r  had been formed and th a t  the C-9 pro tons were 
11 a c c id e n tly "  e q u iv a le n t . This may in d ic a te  th a t  th e  
a lk a lo id  has adopted an unusual conform ation . The 
fo llo w in g  p .m .r .  s p e c tr a l  in fo rm ation  supports  th i s
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s u g g e s tio n . 7/h ile the  chem ical s h i f t  o f th e  C-7 
p ro to n  i s  ty p ic a l  (5  5 .O5 ppm), th a t  o f the  C-9 p ro tons 
i s  a ty p ic a l ly  low ( 5 4»45ppm) compared to  the  u sual 
v a lu e  (5  4 . 7- 4.9  ppm). The chem ical s h i f t  o f th e  C-2 
p ro to n  o f  5 5*33 ppm i s  a lso  unusual. The chem ical 
s h i f t  o f  t h i s  o le f in ic  p ro ton  i s  g e n e ra lly  in  the  
re g io n  o f  <*>5*9 ppm. Furtherm ore m u lt ip le ts  were 
o b se rv ed  a t  5  7*65 and 5 8.51 ppm, each corresponding  
to  a  s in g le  p ro to n . The rem aining arom atic p ro tons 
g iv e  r i s e  to  an e ig h t p ro ton  complex a t  S  7 .23 ppm. 
D ecoupling experim ents showed th a t  the  s ig n a l a t  <5 8.51 
ppm i s  a  d o u b le t ( J 7Hz), (o rth o -co u p lin g  w ith  one o f  
th e  p ro to n s  a t  S  7*23) and m eta-coupling  ( J 2Hz) to  
th e  p ro to n  a t  5 7*65 ppm. The s ig n a l a t  S  7*65 was 
shown to  be a d is to r te d  t r i p l e t  ( J 8Hz) (o rth o -co u p lin g  
w ith  two p ro to n s  a t  5 7*23 ppm).
The above d a ta  a re  considered  to  show th a t  the  two 
p h en y l g roups c o n s tra in  the  m acro-ring to  adopt a 
co n fo rm a tio n  in  which one o f  th e  arom atic r in g s  i s  c lo se  
enough to  th e  re tro n e c in e  nucleus to  in flu e n c e  and be 
s t r o n g ly  in f lu e n c e d  by th i s  nuc leu s.
A p o s s ib le  p a r t i a l  conform ation c o n s is te n t  w ith  th e se  
d a ta  i s  shown below . The la ck  o f an AB q u a r te t  f o r  th e  
C—9 p ro to n s  does n o t th e re fo re  p reclude the  assignm ent 
o f  t h i s  compound as th e  m acrocyclic d ie s t e r  (53) •
  sh ie ld ed  by o le f in
d esh ie ld ed  by r in g
sh ie ld e d  by o le f in
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T his compound was s e le c te d  as a s y n th e tic  ta rg e t ,  as 
i t s  h e p a to to x ic i ty  would be worthy o f in v e s t ig a t io n .
I t  m ight have a  h ig h e r to x ic i ty  than the  dim ethyl analogue 
(47) and many o f  the  n a tu ra l  a lk a lo id s ,  due to  the 
h in d e re d  a  - p o s i t io n  o f  bo th  the  C-7 and C-9 e s te r s .
T h is  s t e r i c  h ind rance  should reduce the  r a te  o f detox­
i f i c a t i o n  o f  th e  base by e s te r  h y d ro ly s is . 2 ,2 ,4 ,4 -  
T e tra m e th y lg lu ta r ic  anhydride (60) was prepared  by the  
method o f  HALL.51 (SCHEME 19)
3 , 3 , 5 , 5-Tetram ethylcyclohexanone (62) was p repared  
by th e  copper ( l )  c a ta ly se d  1 ,4  a d d itio n  o f methyl 
magnesium bromide to  isophorone ( 3 ,5 ,5 - tr im e th y lcy c lo h ex - 
2 -enone) ( 6 l ) .  N i t r ic  a c id  o x id a tio n  o f  th i s  compound 
produced  2 ,2 ,4 ,4 - te tr a m e th y l  a d ip ic  ac id  (63) •
D e s tru c tiv e  d i s t i l l a t i o n  from barium oxide y ie ld e d  
2 ,2 ,4 ,4 -te tra m e th y lc y c lo p e n ta n o n e  (64)* N i t r ic  ac id  
o x id a tio n  o f  t h i s  ketone gave 2 ,2 ,4 ,4 - te tra m e th y lg lu ta r ic  
a c id  (65) which was converted  in to  i t s  anhydride (60) 
by tre a tm e n t w ith  a c e tic  anhydride .
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R eac tio n  o f  th e  anhydride (60) w ith  (+ )- re tro n e c in e  
i n  ch lo ro fo rm  gave a q u a n t i ta t iv e  y ie ld  o f  the  C-9
by th e  absence o f  a s ig n a l around <3 5*05 in  the p .m .r .
spec tru m . The r a t i o  o f the  s ig n a ls  a t  5 5«70 and 6 4«70
ppm (co rresp o n d in g  to  H-2 and H-9 when C-9 i s  e s t e r i f i e d )
was found to  be p re c is e ly  1 :2 . The 2 -p y r id y l th io e s te r
was formed i n  th e  u su a l fa sh io n . The in tra m o le c u la r
c y c l i s a t i o n  was a ttem pted  in  a s e r ie s  o f  so lv e n ts
w ith  p ro g re s s iv e ly  h ig h e r  b o il in g  p o in ts .  Ho c y c lis e d
m a te r ia l  was d e te c te d  in  any c a se . The im idazole
52th i o e s t e r  ( 67) has been re p o rte d  to  be 100 tim es more 
e f f e c t iv e  in  ac id  a c t iv a t io n  than  the  p y rid y l th io e s te r .  
No c y c l i s a t i o n  was d e te c te d  in  se v e ra l a ttem p ts  u sing  
th e  im id azo le  th io e s te r .
m onoester (66) • No C-7 m onoester was p re se n t as shown
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(71) (72)




The s t r u c tu r e s  (70 )—(73) were confirm ed by p .m .r . 
and i . r .  s p e c tr a  and by e lem ental a n a ly se s .
The anhydride  (70) was re a c te d  w ith  (+ )- re tro n e c in e  
i n  th e  u su a l manner to  y ie ld  a m ixture o f th e  C-7 and
A ll a tte m p ts  to  c y c l is e  th e  c o  -hydroxy ac id  v ia  th e
2— p y r id y l  o f  im idazo le  th io e s te r s  r e s u l te d  in  the 
p ro d u c tio n  o f  complex m ix tures o f p ro d u c ts , none o f 
w hich cou ld  be id e n t i f i e d .
2 .9  CONCLUSIONS
S ix  11-membered m acrocyclic d ie s te r s  o f  ( - ) - r e tro n e c in e  
( 4 6 ) - ( 5 l )  have been sy n th e s ise d .
C-9 m onoesters in  a 1 :1 r a t i o  (e s ta b l is h e d  by p .m .r . ) .
R i f 2 R ^ - ci^  (47)
H jH js te tram e th y len e  (49)





The 4 AH v a lu es  fo r  th e se  analogues are  ta b u la te d  below. 
ANALOGUE A(S)H (ppm)
( 4 *7)  1 # 25
( 49 ) 1 . 2 3
(50) 0.62
(51) and (52) 0.99  and 0.51
(53) 0
B efore t h i s  work and th e  work o f ROBINS and SAKDARRAT2  ^
th e r e  had appeared  to  be a  sharp d iv is io n  between th e  
A  S  H—9 v a lu es  o f the  11 —membered m acrocyclic d ie s t e r s  
(0 -0 .7 3  ppm) and those  o f the  12-membered d ie s te r s  
( l .2 5 —1 *53) • I t  now seems reasonab le  to  p o s tu la te  
t h a t  th e re  i s  a w ider range o f A &  H-9 va lu es  which 
r e f l e c t  th e  d i f f e r e n t  conform ations o f th e  a lk a lo id s .
The m ajor f a c to r  governing the conform ation  o f th e  
m a c ro -rin g  may be the r in g  s iz e ,  a lthough  i t  has been 
d em onstra ted  th a t  s u b s t i tu e n ts  on the r in g  ( a t  l e a s t  in  
th e  13 p o s i t io n )  a lso  have a s ig n i f ic a n t  bearin g  on 
th e  confo rm ation  adopted . As the above s e r ie s  o f 
ana logues i s  now r e a d i ly  a v a i la b le ,  ( a  100mg sample 
o f  any one can be conv en ien tly  p repared  in  two days) 
th e  in v e s t ig a t io n  o f t h e i r  s tru c tu re /c o n fo rm a tio n / 
t o x i c i t y  r e la t io n s h ip s  i s  now f e a s ib le .  As the  A <5H 
v a lu e  r e f l e c t s  the  conform ation o f the  a lk a lo id  in  
s o lu t io n  th e re  may be no obvious c o r r e la t io n  between 
th e  A S  H v a lue  and th e  c r y s ta l  s t r u c tu re  o f  the  m a te r ia l .  
A case  in  n o in t i s  tr ich o d esm in e '^ (4 6 ) which has been 
r e p o r te d  to  have i t s  e s t e r  carbonyls a n t ip a r a l l e l  in  
th e  s o l id  s t a t e  ( i . e .  th e  ty p ic a l  conform ation o f the
12—membered d ie s t e r s ) ,  w liile in  chloroform  s o lu tio n  
i t s  A S  H-9 v a lu e  i s  0 .74  ppm, a value  ty p ic a l  o f  th e  
11-membered m acrocycles. F u rth e r  in fo rm atio n  about 
th e  confo rm ation  o f th e se  a lk a lo id s  in  s o lu tio n  may
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be o b ta in a b le  by ca rry in g  out N.O.S. experim ents on 
th e s e  m olecu les and observ ing  the  p .m .r . s p e c tra .







































THE SYNTHESTS AND ABSOLUTE COHPICTJRATI^F 0 ?  D ICRQT^/PTE . 
U — I i^TRODUCTION D ic ro ta lin e  (6) was is o la te d  from
Q.T-P.’fca3-a r i a  du ra  (Y/OOD and EVANS), by MARAIS in  1944.2°
I t  was shown to  be a  m acrocyclic d ie s t e r  o f re tro n e c in e  ( 3) 
The d ia c id  was found to  have the  m olecular form ula 
^6^10^5* id e n t i ty  o f th i s  ac id  as 3-hydroxy—3“
m e th y lg lu ta r ic  a c id  (75) was proved by the sy n th e s is  o f 








R e c o n s tru c tio n  o f d ic ro ta l in e  from (+ )—re tro n e c in e  
( 3) and d i c r o t a l i c  ac id  (75) would c o n s t i tu te  a t o t a l  
s y n th e s is  as ( —) —re tro n e c in e  has p rev io u s ly  been syn­
th e s i s e d  by s e v e ra l groups o f w orkers (CHAPThiR 1 .4) t 
54and re s o lv e d .
I t  was env isaged  th a t  th i s  re c o n s tru c tio n  could  be 
ach iev ed  by c y c l is a t io n  o f the m onoesters o b ta in ed  from 
th e  r e a c t io n  o f  (+ )—re tro n e c in e  w ith  d ic r o t a l i c  anhydride 
( 76) a s  d e sc r ib e d  fo r  the  m acrocyclic p y r ro liz id in e  
a lk a lo id  analogues in  CHAPTER 2 . As d ic r o ta l i c  ac id  
i s  n o t sy m m etrica lly  s u b s t i tu te d  about C—3 i t  was 
a n t ic ip a te d  th a t  the  r in g  c lo su re  would lead  to  a 
m ix tu re  o f C-13 epim ers as in  the case o f 13-m ethy l-112- 
d id e h y d ro c ro ta la n in e  (51) + (5-)«
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A lthough no se p a ra tio n  o f isom er3 was p o ss ib le  in  
t h a t  ca se  i t  was considered  th a t  the two d if f e r e n t  
o r i e n t a t i o n s  o f th e  hydroxyl group a t  C-13 might lead  
to  s u f f i c i e n t l y  d i f f e r e n t  p o la r i t i e s  o f  d ic ro ta l in e  (6) 
and i t s  epim er (77)» which would allow  the isom ers to
3 .2  CHARACTERISATION OF NATURAL DICROTALINE.
B efore t h i s  sy n th e s is  was undertaken i t  was n ecessary  
to  o b ta in  an a u th e n tic  sample o f d ic ro ta l in e  fo r  
com parison  p u rp o ses . No s p e c tra l  d a ta  had p rev io u s ly  
been  re p o r te d  f o r  th i s  a lk a lo id .
Seeds o f  C ro ta la r ia  dura were e x tra c te d  and the  
a lk a lo id a l  component was in v e s t ig a te d . A n a ly tic a l 
t . l . c .  showed th a t  th i s  co n s is te d  o f a s in g le  compound. 
Spot t e s t s  showed th a t  the  a lk a lo id  con ta ined  a
5 53 -p y r ro lin e  s t r u c tu r e .
The crude a lk a lo id  was p u r if ie d  by p re p a ra tiv e  t . l . c .  
The fo llo w in g  s p e c tr a l  a n a ly s is  showed th a t  the compound 
was d i c r o t a l i n e .  The m olecular ion  in  the  h igh  re s o lu t io n  
mass spectrum  o f the a lk a lo id  was c o n s is te n t w ith  the 
fo rm ula  re q u ire d  fo r  d ic ro ta l in e .  The mass spectrum 
a ls o  c o n ta in ed  a peak a t  M-59> corresponding to  the lo s s  
o f  C0H 0 . This i s  moat conven ien tly  exp lained  by the
L J ^
M cL afforty  rearrangem ent shown in  SCHEMh 21.
be s e p a ra te d
17 7 )
SCHEME 21
T his  rearrangem ent confirm s the  p o s it io n  o f the 
hy d ro x y l group a t  C-13. The mass spectrum a lso  con ta ined  
th e  t y p i c a l  frag m e n ta tio n  p a t te rn  fo r  a p y r ro liz id in e  
d i e s t e r .
The p .m .r .  spectrum o f d ic ro ta l in e  showed a methyl 
s i n g l e t  a t  <5 1 .40  ppm and an A &  BB m u ltip le t  a t  S  2 .67 
and 2.42  ppm correspond ing  to  th e  a  -p ro to n s  o f  the 
d ia c id ,  in  a d d i t io n  to  the u sua l s ig n a ls  fo r  re tro n e c in e .
An AB q u a r te t  due to  the C-9 p ro tons was observed a t  
8  5*40 and 8  4*16 ppm, J 12Hz. The d iffe re n c e  in  the 
chem ica l s h i f t s  o f  th e  C-9 pro tons ( 1.24  ppm) i s  the  
l a r g e s t  observed  fo r  a n a tu ra l  11-membered m acrocyclic 
d i e s t e r  o f  r e tro n e c in e .  I t  i s  in te r e s t in g  to  no te  th a t  
th e  A  8  H-9 v a lu e  i s  the  same as th a t  o f the  13» 13-d im ethyl
analogue  ( 47) d iscu ssed  in  the p rev ious c h a p te r .
The a n a ly s is  o f the a lk a lo id  hyd roch lo ride  was
c o n s i s te n t  w ith  th e  m olecu lar form ula o f d ic ro ta l in e
h y d ro c h lo r id e . D ic ro ta lin e  hydroch lo ride  has been
26  „r e p o r te d  to  e x i s t  in  two c r y s ta l l in e  form s. The 
m e ltin g  p o in t  and the  appearance o f the c r y s ta l s  p re ­
p a red  in  t h i s  work were s im ila r  to  those o f the  form 
re p o r te d  w ith  th e  lower m elting  p o in t .
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3*3 SYNTHESIS 0? DICROTALIHE AND ITS C-1  ^ SPIMER.
D ic r o ta l ic  ac id  ( 75) wa3 syn thesised  by a m odified 
v e r s io n  o f  th e  ro u te  o f KLOSTEHTAN and SMITH56 o u tlin e d  
in  SCHEIE 22 . A ddition o f a l l y l  magnesium bromide to  
e th y l  a c e ta te  y ie ld e d  4-hydroxy-4-m ethylhepta-1 ,6-d ien e  
( 78) .  O zonolysis o f the diene ( 78) follow ed by 
o x id a t iv e  c leavage  o f the ozonide gave d ic ro ta l i c  
a c id  ( 75) • The anhydride was formed by trea tm en t of 






The t e r t i a r y  a lco h o l was p ro te c te d  as i t s  tr im e th y l— 
s i l y l  e th e r  by trea tm e n t w ith  t r im e th y ls i ly l  c h lo rid e  
and p y r id in e  in  e th e r .  The p ro te c te d  anhydride (79) 
was t r e a te d  w ith  (+ )—re tro n e c in e  in  chloroform  to  
g iv e  a m ix tu re  o f  the two C—9 monoester d iaste reom ers 
( 80 ) and the  correspond ing  C-7 m onoesters (S i) in  about 
e q u a l p ro p o r tio n s  judged from the p .m .r . spectrum . 
S p e c t r a l  d a ta  were a lso  ob ta ined  fo r  the d ep ro tec ted  














One e q u iv a le n t each o f tripheny lphosph ine  and.
2 ,2  -d ip y r id y ld ls u lp h id e  were added to  a chloroform  
su sp e n s io n  o f  th e  p ro te c te d  m onoesters. As the  th io e s te r s  
form ed th e y  passed  in to  s o lu tio n . C y c lisa tio n  o f the  
t h i o e s t e r s  and work up o f the products were c a r r ie d  ou t 
in  the  u su a l manner. A n a ly tica l t . l . c .  showed th a t  
th e  r e a c t io n  p roduct c o n s is te d  o f th ree  components.
S e v e ra l s o lv e n t systems were t r i e d  before one was found 
w hich gave c l e a r  s e p a ra tio n  o f the th ree  components.
The most p o la r  component gave r i s e  to  an e longated  sp o t 
w hich cou ld  no t be fu r th e r  re so lv ed .
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The most p o la r  component was id e n t i f ie d  as a m ixture 
o f  th e  C-7 and C-9 monoester o f re tro n e c in e  w ith 3- 
m e th y lb u t—2—enoic  ac id  (82) and ( 83) .  These s tru c tu re s  
were a ss ig n e d  on th e  b a s is  o f a m olecular ion  a t  m/z 
235 in  th e  mass spectrum , and abso rp tions in  the i . r .  
and u • v* s p e c tr a  corresponding to  an a f t  -u n sa tu ra te d  
e s t e r .  A p o s s ib le  mechanism fo r  the form ation o f 




p l u s  C-7 m o n o e s t e r
HO
8 3
p l u s  C-7 m o n o e s t e r  
(8 2 )
SCHEME 24
The l e a s t  p o la r  component o f the m ixture was shown 
to  be id e n t i c a l  w ith  a sample o f a u th e n tic  d ic ro ta l in e  
by com parison o f  h igh  re s o lu t io n  mass sp e c tra , p .m .r . 
and i . r .  s p e c tr a .  No dep ression  o f m elting  p o in t was 
o b ta in e d  by a mixed m elting  p o in t o f the two h y d ro ch lo rid es  
o f  n a tu r a l  and s y n th e tic  m a te r ia l.
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The th i r d  component was id e n t if ie d  as the  C-1 3 
ep im er o f  d i c r o t a l i n e .  The mass 3pectrum of 
" e p id i c r o ta l in e "  ( 7 7 )  was c lo se ly  s im ila r  to  th a t  o f 
d i c r o t a l i n e  ( 6 ) .  The i . r .  s p e c tra  o f the two bases 
w ere a ls o  very  s im i la r .  In  ad d itio n  to  the usual 
r e t r o n e c in e  s ig n a ls ,  the p .m .r . spectrum of e p id ic ro t-  
a l in e  showed a methyl s in g le t  a t  b  1 .40 ppm, and a 
b road  s in g l e t  a t  b  2 .53 ppm corresponding to  the fou r 
a  —p ro to n s  o f  the  d ia c id . The AB q u a r te t  due to  the 
C-9 p ro to n s  was observed a t  b  5.17 and b  4 .19 ppm,
J 12Hz•
S e v e ra l tim es during  the  s i ly l a t i o n  o f d ic ro ta l ic  
an h y d rid e  th e  p y rid in e  hydroch loride d id  no t p r e c ip i ta te  
from  s o lu t io n .  On th e se  occasions the subsequent 
c y c l i s a t i o n s  proceeded in  lower y ie ld ,  presumably due 
to  th e  p re sen ce  o f  the  conjugate  ac id .
I t  had been thought th a t  the p r in c ip a l  fu n c tio n  o f 
th e  t r i m e t h y l s i l y l  group was to  render the monoester 
m ix tu re  more so lu b le  in  the chosen so lv en t and thus 
in c re a s e  th e  r a t e  o f  th io e s te r  fo rm ation . So an a l t e r ­
n a t iv e  method o f  s o lu b i l is in g  the monoester was sought 
to  avo id  making the  t r im e th y ls i ly l  e th e r .
I t  was d isco v ered  th a t  a d d itio n  of an excess o f 
tr ip h e n y lp h o sp h in e  to  a suspension  o f the  monoester in  
ch lo ro fo rm  g r e a t ly  in c re a se d  the r a te  o f th io e s te r  
fo rm a tio n . I f  two and a h a l f  eq u iv a len ts  each o f 
tr ip h e n y lp h o sp h in e  and 2,2  -d ip y rid y ld isu lp h id e  were 
added to  a r a p id ly  s t i r r i n g  suspension o f the  non p ro te c te d  
m o n o este rs , th io e s te r  form ation  was complete in  a few 
h o u rs .  T reatm ent o f  th i s  so lu tio n  in  the usual fa sh io n  
gave a  p ro d u c t m ixture e s s e n t ia l ly  the same as th a t  
o b ta in e d  from the  p ro te c te d  m onoesters, in  s im ila r  y ie ld .
3 . 4  ABSOLUTS CONFIGURATION AT C-1 3 IN DICROTALINS AND
EPIDICHOTALINS.
In  th e  p rev io u s se c tio n , the sy n th es is  oi. d ic ro ta l in e  
and e p id ic r o ta l in e  was d esc rib e d . The abso lu te  con­
f ig u r a t io n  a t  C-13 o f each epimer was not known.
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D ic ro ta l in e  (6) was shown to  have the  (s )  co n fig u r­
a t io n  a t  C -13 by conversion  in to  o p t ic a l ly  a c tiv e  
raevalonolactone (SCHEME 25) by a sequence o f two 
s e le c t iv e  r e a c t io n s .
SCHEME 25
H ydrogenolysis o f d ic ro ta l in e  (6) over PtO^ in  
a c e t ic  a c id  gave a  s in g le  compound ( 84) • This form­
u la t io n  was e s ta b l is h e d  by b as ic  h y d ro ly sis  o f the e s te r  
( 84) to  y ie ld  d ic r o t a l i c  ac id  ( 75) and ( - ) - re tro n e c a n o l
(86) (SCHEME 2o) which were id e n t ic a l  w ith au th e n tic  
m a te r ia l .
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T reatm ent o f  the e s te r  ( 84) w ith sodium in  l iq u id  
ammonia fo llow ed  by a c id i f ic a t io n  and continuous 
e x t r a c t io n  o f  th e  ac id  so lu tio n  w ith methylene ch lo rid e  
y ie ld e d  (R)*-mevalonolactons (85)* The crude lac tone  
had  a n [ a ] J a in  e th an o l o f - 20° ( l i t . 57-23°) S p e c tra l 
d a ta  ( p .m . r . , i . r . )  fo r  th i s  m a te ria l were c lo se ly  
s im i la r  to  those  o f au th en tic  (—) —m evalonolactone.
The m evalonolactone (85) was converted in to  i t s  benz- 
hydry lam ide ( 87) .
HO Me O
HQ
HO. Me O ph





The r o t a t i o n  and m elting  p o in t o f th i s  m a te ria l were 
i d e n t i c a l  w ith  those rep o rte d  fo r  the benzhydrylamide 
o f  (R )-m eva lono lac tone .
The p .m .r .  spectrum  of racemic benzhydrylamide 
o b ta in e d  from ( - ) -m evalonolactone showed two s in g le ts  
a t  5 6 .20  and 6.12 ppm due to  the benhydrylic p ro ton  
o f  th e  two amide ro tom ers. Treatment of the d e u te r io -  
ch lo ro fo rm  s o lu t io n  o f the benzhydrylamide of (—) -m eval­
o n o la c to n e  w ith  0.35 eq u iv a len ts  of the c h ira l  s n i f t  
re a g e n t  E u (h fc)^  re s u lte d  in  the s p l i t t in g  of the 
two s ig n a ls  fo r  the  benzhydrylic pro ton  in to  a p a i r  o f 
b road  d o u b le ts ,  a r is in g  from the two d iaste reo m eric
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com plexes fo rm ed .59 S im ila r trea tm en t of the 
benzhydrylam ide o f  ( - ) -m evalonolactone ob ta ined  in  th i s  
work d id  n o t r e s u l t  in  a s p l i t t i n g  o f the s ig n a ls  fo r  
th e  b en zh y d ry lic  p ro to n . Thus, no d e te c ta b le  racem is- 
a t io n  o c c u rre d  during  the  deg rad a tio n . A ddition o f 
10 j o  o f  th e  benzhydrylam ide o f (—) —m evalonolactone to  
th e  ( - ) - d e r iv a t iv e  d id  r e s u l t  in  a d e te c ta b le  s p l i t t i n g  
o f  th e  s ig n a ls  due to  the  benzhydrylic p ro ton . Thus 
th e  l i m i t  o f  d e te c tio n  o f racem isa tio n  i s  ca 10%.
E p id ic ro ta l in e  was degraded in  the same way to  y ie ld  
( s ) -m eva lono lactone which was a lso  converted  in to  i t 3 
benzhydry lam ide . Again, using  the  c h i r a l  europium 
s h i f t  r e a g e n t ,  no tr a c e  o f R-mevalonolactone was observed .
There a re  no r e p o r ts  o f hydrogenolysis o f p y r r o l iz -  
id in e  a lk a lo id s  lead in g  to  racem isa tio n  o f any c h i r a l  
c e n t r e  in  th e  a l k a l o i d . ^  The cleavage shown in  
SCHEME 25 i s  th e  only one reasonab le  under the r e a c tio n
c o n d i t io n s .  Sodium in  l iq u id  ammonia i s  known to
58red u ce  e s t e r s  b u t no t ca rboxy lic  a c id s . No racem is-
a t io n  o f  m evalonic ac id  o r i t s  lac to n e  has been observed
under any o f  th e  re a c t io n  co n d itio n s  used in  th i s  
57p ro c e d u re . I t  i s  considered  th e re fo re  th a t  the  two 
d e g re d a tio n s  d esc rib e d  above have proved th a t  d ic ro ta l in e  
h a s  th e  (13S) a b so lu te  c o n fig u ra tio n .
3 .5  CONCLUSIONS.
D ic r o ta l in e  (6) and i t s  C-13 epimer (77) have been 
s y n th e s is e d .  The ab so lu te  co n fig u ra tio n  o f each epimer 
h as  been e s ta b l is h e d .  These compounds may prove to  
be u s e fu l  in  s tru c tu re /c o n fo rm a tio n / to x ic ity  s tu d ie s  
d is c u s s e d  on CHAPTER 2 . N.O.E. through space decoupling 
exp erim en ts  o f th e se  two isom ers might g ive in fo rm atio n  
on th e  confo rm ation  o f  th e se  m olecules in  s o lu tio n , 
p a r t i c u l a r l y  as th e i r  co n fig u ra tio n s  are  now known.
S tudy o f  R e ise r  models o f the  two s tru c tu re s  shows th a t  
i n  a  number o f th e  more l ik e ly  conform ations se v e ra l 
p ro to n s , ( p a r t i c u la r ly  the m ethyl, hydroxyl and a  -p ro to n s
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o f  th e  d ia c id ,  and the  C—7 > C—d and C— 9 pro tons o f re tro n — 
e c in e )  axe c lo se  enough to  in te r a c t  s u f f ic ie n t ly  to  
a llo w  N .0 .3 . s tu d ie s  to  be v a lu ab le . I t  would a lso  
be o f  v a lu e  to  study  the  conform ation of d ic ro ta l in e  
i n  b u f fe re d  aqueous s o lu tio n s .  Under th ese  co n d itio n s  
th e  con fo rm ation  o f d ic ro ta l in e  should be c lo se  to  i t s  
co n fo rm a tio n  in  v iv o .
F in a l ly ,  now th a t  th i s  method o f c y c l is a t io n  has
been  a p p lie d  to  the  sy n th e s is  o f d ic ro ta l in e ,  the
s y n th e s is  o f some o th e r 11-membered m acrocyclic p y r ro liz id in e
60d i e s t e r s  (su ch  as c r is p a t in e  (88) and fu lv in e (8 9 ) ) 
may be p o s s ib le .  The abso lu te  s te reochem istry  o f the  
a c id  p o r t io n s  o f th e se  a lk a lo id s  may a lso  be determ ined 
i n  a  manner s im i la r  to  th a t  used fo r  d ic ro ta l in e .
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ISOLATION OF PYRROLIZIDINE ALKALOIDS FRO!,! CROTALARIA 
GLOBIFERA.
4.1 INTRODUCTION.
Cro t a l a r i  a g lo b ife ra  (E.Mey.) has been rep o rte d  to  
c o n ta in  th e  p y r ro l iz id in e  a lk a lo id  d ic ro ta l in e .
As a  sample o f n a tu ra l  d ic ro ta l in e  was req u ire d  
f o r  com parison w ith  the  sy n th e tic  m a te ria l p repared  in  
CHAPTER 3» seeds o f C. g lo b ife ra  were ob ta ined  and th e i r  
a lk a lo id  c o n te n t examined. I t  was found th a t  the seeds 
d id  n o t c o n ta in  d ic ro ta l in e ,  bu t r a th e r  two o th e r  
a lk a lo id s  were p re s e n t .
4 .2  IDENTIFICATION OF THE ALKALOIDS.
The b a s ic  e x t r a c t  o f C. g lo b ife ra  was shown by 
a n a l y t i c a l  t . i * c .  to  c o n s is t o f two components. Each 
o f  th e s e  components gave a p o s it iv e  spo t t e s t  fo r  a 
d id e h y d ro p y rro lid in e  m oiety. Thus the a lk a lo id s  
were most p robab ly  d e r iv a tiv e s  o f a 1 ,2 -d i  dehydro p y r ro l iz ­
id in e  b a s e .
The a lk a lo id s  were sep ara ted  and p u r if ie d  by 
p r e p a r a t iv e  t . l . c .  The more p o la r  component was a 
w h ite  c r y s t a l l i n e  s o l id .  The mass spectrum o f th i s  
m a te r ia l  confirm ed th a t  i t  was a p y r ro liz id in e  a lk a lo id .
The fra g m e n ta tio n  p a t te rn  o f th e  a lk a lo id  was ty p ic a l
1 . .o f  a  m acro cy c lic  d ie s te r  of re tro n e c in e . Hign 
r e s o lu t io n  mass spectrom etry  showed th a t  the  m olecular 
fo rm u la  o f  th e  a lk a lo id  was ^gHgyNOg.
I f  i t  i s  assumed th a t  the necine base i s  re tro n e c in e  
(3) th e n  t h i s  would require th a t  the ac id  i s  an e ig h t 
ca rb o n  u n i t .  S s te r ifv in g  ac id s  w ith e ig h t c a r 00:1 atoms
• 5a re  common among the  p y rro liz id in e  a lk a lo id s .
“  DU -
The i . r .  3pectrum o f t h i 3 a lk a lo id  showed th a t 
th e  on ly  ca rb o n y l groups p re sen t in  the molecule are  
s a tu r a t e d  0 3 te r  ca rb o n y ls . The p .m .r . spectrum 
c o n ta in e d  a l l  th e  fe a tu re s  expected fo r  a m acrocyclic 
d i e s t e r  o f  r e tro n e c in e .  In  ad d itio n  to  the usual 
s ig n a l s  fo r  r e tro n e c in e ,  the p .m .r . spectrum contained  
two sh a rp  m ethyl s in g le t3  corresponding to  two methyl 
t e r t i a r y  c a rb in o ls ,  and two methyl doub le ts corresponding 
to  an is o p ro p y l group . In te g ra tio n  of the complex 
s ig n a l s  betw een 8  1.5  and 8  3 ppm in  the spectrum 
showed t h a t  th e re  were s ig n a ls  fo r  two pro tons super­
posed  on th e  re tro n e c in e  p ro ton  s ig n a ls  in  th a t  reg io n . 
The AB q u a r te t  a t  8  4*45 and 8  5*18 ppm due to  the 
C-9 p ro to n s  o f  re tro n e c in e  confirm ed th a t  th i s  i s  a 
m a c ro c y c lic  d e r iv a t iv e  o f re tro n e c in e . The .a<5 H-9 
v a lu e  o f  0 .73  i s  in  th e  range g en e ra lly  accepted to  
be d ia g n o s t ic  o f  an 11-membered m acro-ring . Although 
A S  H-9 v a lu e s  have now been shown not to  be i n f a l l i b l e  
i n  d e te rm in in g  r in g  s iz e ,  in  th i s  case the m acro-ring 
m ust be 11—membered* This i s  because the p .m .r . 
spec trum  r e q u ir e s  the  presence o f two methyl groups 
and an is o p ro p y l group on the  r in g ; th e re fo re  a 
s im p le  carbon  count shows th a t  a 12-membered m acro-ring 
i s  n o t a  p o s s ib le  s t r u c tu r e .
The s t r u c t u r a l  requirem ents fo r  the molecule 
e s ta b l i s h e d  a t  t h i s  p o in t in  i t s  in v e s t ig a t io n  are  
shown i n  diagram  A.
DIAGRAM A.
F u r th e r  s tudy  o f the  mass spectrum o f th i s
a lk a lo id  showed th a t  i t  con ta ined  a  M-89 fragment
c o rre sp o n d in g  to  lo s s  o f CLHc0 - . I t  was considered
3 D  3
t h a t  t h i s  frag m e n ta tio n  came about by a M cLafferty 
rea rran g e m en t o f  th e  type d escribed  in  CHAPTER 3.
I f  t h i s  i s  th e  case  then  the  p o s itio n s  o f a l l  the 
g roups on th e  m acro-ring  are  e s ta b lish e d  (SCHEME 27) .  
T h is  rea rran g em en t re q u ire s  th a t  th e re  i s  a hydroxyl 
group  on C-13. The p o s it io n  o f the methyl group 
n e x t to  t h i s  hydroxyl i s  th e re fo re  a lso  e s ta b l is h e d . 
F u rth erm o re , f o r  t h i s  fragm entation  to  g ive r i s e  to  
a  fragm ent w ith  mass M-89,C-12 must c a rry  a hydroxyl 
and a  m ethyl g roup . This in  tu rn  means th a t  the 
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On th e  b a s is  o f th i s  argument, s tru c tu re  ( 90) 
i s  p roposed  f o r  t h i s  a lk a lo id .
OHHO
(90)
T h is  s t r u c tu r e  s a t i s f i e s  a l l  the requirem ents 
o f  th e  m .s . ,  i . r .  and p .m .r . sp e c tra  ob ta ined  fo r  the 
a l k a lo id .  None o f the  preceding s p e c tra l  da ta  g ives 
any in fo rm a tio n  about the s te reochem istry  a t  C-12,
C -13 o r  C-14*
The above s t ru c tu re  was recognised  as being th a t  
o f  tr ich o d esm in e  o r  a  s te reo iso m er. Trichodesmine
61has. been i s o la te d  from Heliotropum arguziodes ,
v 62T richodesm a incanum and C ro ta la r ia  ru b ig in o sa  •
I t s  s t r u c tu r e  has been determ ined by X-ray c r y s t a l l -  
o g rap h y .
The a lk a lo id  ob ta ined  in  th i s  work was shown to  
be i d e n t i c a l  w ith  a u th e n tic  trichodesm ine by s p e c tr a l  
com parison  o f  the  a lk a lo id s  and th e i r  p ic r a te s .
The f a s t e r  running component o f the  a lk a lo id  
m ix tu re  was o b ta in ed  as a w hite amorphous s o l id .  
I n i t i a l  s p e c t r a l  a n a ly s is  of th i s  m a te ria l in d ic a te d  
th a t  i t  i s  a new p y rro liz id in e  a lk a lo id  fo r  which the  
name g lo b i f e r in e  i s  proposed. As only a sm all 
q u a n t i ty  o f g lo b ife r in e  was obta ined  .(*■'*-10mg) no 
a tte m p t was made to  c r y s ta l l i z e  or fu r th e r  p u r ify  i t  
i n  case  th e  m a te r ia l  decomposed. I t  was a n t ic ip a te d  
t h a t  the  a lk a lo id  could be fu l ly  c h a ra c te r ise d  when
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f u r t h e r  q u a n t i t i e s  became a v a ila b le  by e x tra c tio n  o f
p la n ts  o f  C. glo b i f e r a  grovm from the rem aining
s e e d s .  The h ig h  re s o lu t io n  mass spectrum o f g lo b ife r in e
was ty p i c a l  o f  a  re tro n e c in e  m acrocyclic d ie s te r .
I t s  m o lecu la r  form ula was found to  be C NO,.
18 25 0
As th e  m o lecu la r form ula had only two protons le s s  
th a n  th a t  o f  trichodesm ine , and the a lk a lo id s  occur 
i n  th e  same p la n t ,  i t  was considered  l ik e ly  th a t  the 
s t r u c t u r e s  o f  th e  two a lk a lo id s  would be s im ila r .
As th e  frag m en ta tio n  p a t te rn  o f g lo b ife r in e  showed 
t h a t  th e  n ec in e  p o r tio n  o f the molecule i s  re tro n e c in e , 
th e  d i f f e r e n c e  in  s tru c tu re  between th i s  new a lk a lo id  
and th e  trich o d esm in e  i s  due to  the d iffe re n c e  in  the 
s t r u c t u r e s  o f  the  re sp e c tiv e  e s te r i fy in g  a c id s .
The p .m .r .  spectrum  o f g lo b ife r in e  rev ea led  the 
e x p ec ted  s ig n a ls  f o r  the re tro n e c in e  nucleus. The 
AB q u a r te t  due to  the C-9 pro tons showed the unusually  
la rg e  A 8  H-9 va lue  o f 1.06  ppm. This i s  the second 
l a r g e s t  d if f e re n c e  in  H-9 chem ical s h i f t s  recorded 
f o r  a  n a tu r a l ly  occuring  11-membered m acrocyclic 
d ie s  t e r  o f  r e tro n e c in e ;  d ic ro ta l in e  possesses the 
l a r g e s t .  The spectrum  a lso  contained  fo u r sharp 
m ethy l s in g le t s  in  two p a i r s .  One p a ir  a t  8  1.42 
and 8  1.36  PP® approxim ately  corresponded to  the two 
t e r t i a r y  m ethyl groups in  trichodesm ine w hile the 
o th e r  p a i r  were a t  lower f ie ld  a t  8  1.68 and 1.61 ppm.
I t  was c o n s id e re d  th a t  these  lower f ie ld  s ig n a ls  may 
have been due to  isop ro p y lid en e  methyl groups. I f  
t h i s  were th e  case  then a p o ss ib le  s tru c tu re  fo r  the  
n e c ic  a c id  would be ( 91) i* e * a didehydro analogue 
o f  tr ic h o d e sm ic  ac id  (5) •
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The i . r .  spectrum  of the  molecule however did
n o t c o n ta in  an a b so rp tio n  corresponding to  a carbon-
ca rb o n  double bond conjugated w ith  a carboxyl group,
n o r was any s ig n a l  d e tec te d  fo r  an u n sa tu ra ted  e s te r
c a rb o n y l. Furtherm ore th e re  was no in d ic a tio n  of
an n , /i -u n s a tu ra te d  e s te r  apparent in  the u .v . spectrum .
I t  was c o n s id e re d  p o ss ib le , though u n lik e ly , th a t
th e  s t r u c tu r e  ( 91) was s t i l l  v a lid  and th a t  the  a ,
- u n s a tu r a t io n  was no t ev iden t to  i . r .  and u .v .
in v e s t ig a t io n  due to  s t e r i c  in flu en ces  causing the
o l e f i n i c  and carbony l bonds to  be tw is ted  out of
c o n ju g a tio n . This was shown no t to  be the case as
th e  c .m .r .  spectrum  contained  s ig n a ls  fo r  only fou r 
2sp  h y b r id is e d  carbons, corresponding to  the two 
e s t e r  c a rb o n y l carbons and the two o le f in ic  carbons 
o f  r e t r o n e c in e .
I t  was now ev id en t th a t  g lo b ife r in e  d id  not 
p o se ss  an e x t r a  o le f in ic  linkage and so i t s  u n sa tu r­
a t io n  r e l a t i v e  to  trichodesm ine could only be due to  
th e  p resen ce  o f  a  c y c lic  e th e r  in  i t s  s t ru c tu re .
T h is  ’was confirm ed by re-exam ination  o f the p .m .r . 
sp ec tru m . I^O exchange experim ents showed th a t  
g lo b i f e r in e  co n ta in ed  only one exchangeable p ro to n .
As th e  p .m .r .  spectrum of g lo b ife r in e  in d ic a te d  
t h a t  th e  m olecule contained  two t e r t i a r y  methyl 
groups a d ja c e n t to  oxygen, and th a t  the two iso p ro p y l 
m ethy ls  were d esh ie ld ed  (v/hich in  th i s  case must be 
by oxygen) th e re  a re  only th re e  p o ssib le  s tru c tu re s  
(d is c o u n tin g  ste reo iso m ers) fo r  the a lk a lo id .







I t  i s  d i f f i c u l t  to  d i f f e r e n t ia t e  between these
th r e e  s t r u c tu r e s  by sp ec tro sco p ic  means. S tru c tu re
( 92) has been r e f e r r e d  to  as g ra n ta lin e , a component
o f  C. g ra n tia n a  (H arvey). The o r ig in a l  work by
CT7LVEN0R and SMITH has no t been published  and so
d e t a i l s  o f  s p e c tr a  and s t r u c tu r a l  e lu c id a tio n  are
n o t a v a i la b le .
S tru c tu re  (94) has been te n ta t iv e ly  assigned  to
th e  a lk a lo id  g lo b ife r in e  pending fu r th e r  in v e s t ig a t io n .
The re a so n s  f o r  th i s  assignm ent are  o u tlin e d  below*
1 . P re c e d e n t. While epoxides and te trah y d ro fu ran
s t r u c tu r e s  occur very  commonly as secondary m e ta b o lite s ,
th e r e  a re  few i f  any examples o f n a tu ra l ly  occuring
o x e ta n e s . More s p e c if ic l ly  th e re  are  examples o f
epox id es  in  the  p y r ro liz id in e  a lk a lo id s  such as
e r u c i f o l in e ^ ( 9 5 )  and. sw a z in e ^ (9 o ) , and examples o f
65te tr a h y d ro fu ra n  d e r iv a tiv e s  such as nemorensine (97)
66and r e t r o i s e s e n in e  (98)*




There a re  no known p y r ro liz id in e  a lk a lo id s  
c o n ta in in g  th e  4-membered e th e r  s t r u c tu re .  This 
w ould in d ic a te  th a t  s tru c tu re s  ( 92) and (94) a re  the 
most l i k e l y .
2 . Hass s p e c t r a l  d a ta . G lo b ife rin e  g ives r i s e  to  a 
s tro n g  W-39 fragm ent in  the mass spectrum . The 
11-membered m acrocyclic d ie s te r s  trichodesm ine, 
m o n o c ro ta lin e , and incan ine  a lso  give r i s e  to  s tro n g  
M-89 frag m e n ts . In  these  th ree  cases th i s  has been 
a t t r i b u t e d  to  a M cLafferty rearrangem ent invo lv ing  
th e  hydroxyl group a t  C -13.b  ^ Of the th ree  p o ss ib le  
s t r u c tu r e s  o f g lo b ife r in e  only (94) posesses the C—13 
hyd roxy l re q u ire d  fo r th is  rearrangem ent, Although 
even in  th i3  case the I.IcLafferty rearrangem ent does 
n o t r e s u l t  im m ediately in  a fragm entation , the 
p roposed  in te rm e d ia te  con ta in s  an enol e th e r  which
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co u ld  reaso n ab ly  break down to  y ie ld  the M-89 fragm ent.
I* P»m .r. s p e c t r a l  d a ta . Although a l l  th re e  s tru c tu re s  
c o u ld  conce ivab ly  g ive r i s e  to  the p .m .r . spectrum  
o b ta in e d , v a r ia t io n  o f so lv en t and v a r ia b le  tem perature 
s tu d ie s  in d ic a te  th a t  th e re  i s  no f re e  ro ta t io n  
ab o u t th e  bond jo in in g  the iso p ro p y l group to  the 
m a c ro -r in g . This in fo rm ation  was ob ta ined  by observ ing  
s p e c t r a  o f  g lo b ife r in e  in  deu terioch loroform  d-4 
m e thano l, d-6 benzene, d-6 acetone and d-6 D.M.S.O. 
a t  te m p era tu re s  from 10°C to  60°G. In  each case 
th e  4 m ethyl groups remained sharp and d i s t i n c t .
T h is would tend  to  r u le  out s tru c tu re  ( 92) .
4« C .m .r . s p e c tr a l  d a ta . As the c .m .r . spectrum of 
r e t ro n e c in e  has no t been unambiguously assigned"* i t  
was n o t p o s s ib le  to  a ss ig n  the s ig n a ls  o f g lo b ife r in e  
w ith  a b s o lu te  c e r ta in ty .  However the 9 s ig n a ls  down- 
f i e l d  from 75pp^ were e a s i ly  id e n t i f ie d .  Kone of 
th e se  s ig n a ls  was due to  any o f the quaternary  carbons 
o f th e  a c id .  As epoxide carbons absorb a t  h igher 
f i e l d s  ( e .g .  20ppm fo r  ethy lene oxide) than those
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o f  o th e r  e th e r s ,  t h i s  in d ic a te s  th a t  th e  a c id  does 
n o t c o n ta in  an epox ide .
4 .3  Further w ork. The above s t r u c tu r a l  assignm ent 
i s  on ly  t e n t a t i v e .  In  o rd e r to  determ ine the  s t r u c tu re  
w ith  any c e r t a in ty ,  la rg e r  samples o f  th e  a lk a lo id  
m ust be o b ta in e d  and chem ica lly  degraded to  produce 
a  sam ple o f  th e  n e c ic  a c id .  The a l te r n a t iv e  
s t r u c tu r e s  o f  th e  a c id  ( 99) — ( 101) should  be e a s i ly  
d is t in g u is h a b le  •









A part from sp e c tro sc o p ic  methods sim ple chem ical 
t e s t s  cou ld  be used to  d i f f e r e n t i a t e  between th e  
p o s s ib le  s t r u c t u r e s .  For example an a c id  w ith  
s t r u c tu r e  ( 99) would y ie ld  a m ethyl e th e r  on tre a tm e n t 
w ith  sodium m ethoxide, whereas s t r u c tu re s  ( 100) and 
( 101) would n o t ,
'Treatm ent o f  ( 99) w ith  LiAIII^ would y ie ld  a 
t e t r a - o l  w h ile  compounds ( 100) and ( 101) would y ie ld  
t r i o l s • The t r i o l  d e riv ed  from compound (100) would 
be s u b je c t  to  p e r io d a te  cleavage w hile th a t  d e riv ed  
from ( 101) would n o t.
H y d ro ly sis  o f  the a lk a lo id  may not be s t r a i g h t ­
fo rw ard  as th e  p o s s ib le  s t r u c tu re s  o f th e  a c id  o r the  
la c to n e s  d e r iv e d  from i t  may be in te rc h a n g e a b le  under
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th e  c o n d itio n s  o f  a c id  o r base h y d ro ly s is*  These 
problem s cou ld  be avoided i f  th e  whole a lk a lo id  was 
reduced  w ith  LiAIH^ to  y ie ld  the  a lc o h o ls  a3 d esc rib e d  
ab o v e•
Summary and C o n c lu sio n s .
Seeds o f C r o ta la r ia  g lo b i f e r a  have been shown no t 
to  c o n ta in  d ic r o t a l i n e  as p re v io u s ly  d e sc r ib e d .
I n s te a d  two o th e r  a lk a lo id s  a re  p re s e n t .  One has been 
i d e n t i f i e d  as th e  known p y r ro l iz id in e  a lk a lo id ,  
tr ic h o d e s m in e . The second a lk a lo id  i s  b e lie v e d  to  
be a  new p y r r o l iz id in e  a lk a lo id ,  and has been named 
g lo b i f e r in e .  A te n ta t iv e  s t r u c tu r e  fo r  g lo b ife r in e  
as  been  a s s ig n e d .
E x tra c tio n  o f  more th a t  100 C. g lo b if e ra  p la n ts  
a t  th e  end o f  th e  growing season  in  19&1 y ie ld e d  
n e g l ig ib le  amounts o f  p y r ro l iz id in e  a lk a lo id s .
A ttem pts w i l l  be made to  o b ta in  more seeds of 
C. g lo b i f e r a  to  com plete th e  s t r u c tu r a l  id e n t i f i c a t i o n  































I n  t h a t  case  i t  was shown th a t  on hydrogenation  the
hydrogen added to  th e  face  o f th e  m olecule o p p o site
to  th a t  occupied  by the  6—hydroxyl group. This r e s u l t
in d ic a te d  th a t  th e  s te reo c h em is try  a t  C—8 in  c ro ta n ec in e
cou ld  be c o n tro l le d  by the  c o n f ig u ra tio n  a t  C-7 and C-6 .
P y r ro le s  very  s im ila r  to  ( 103) have been sy n th e s ise d
by s e v e ra l  groups o f  workers u t i l i s i n g  th e  1 , 3- d ip o la r
c y c lo a d d it io n s  o f e le c tro n  d e f ic ie n t  a c e ty le n e s  ( in
p a r t i c u l a r  e th y l  p ro p io la te )  to  oxazolium -5-o x id es
form ed by d eh y d ra tio n  o f  s u b s t i tu te d  N-form yl p ro lin e s
(CHAPTER 1 . 4)* T his reduced th e  s y n th e t ic  su b -goal to
an a p p ro p r ia te ly  s u b s t i tu te d  p ro l in e .
I t  was co n sid e red  th a t  the  re q u ire d  c i s  3»4-d ihydroxy
p ro l in e  ( 106) could  be d e riv e d  from 3»4-d id eh y d ro p ro lin e




5 .3  SYNTHESIS OF 3»4-PIHYPR0XYPR0LINE
3 , 4-D idehyd rop ro line  has been sy n th e s ise d  by 
ROBERTSON and WITKOP as a by -p roduct du ring  t h e i r
1 .4  re d u c tio n  o f  p y r ro le -2-carboxam ide w ith
70
phosphonium io d id e  in  h y d ro iod ic  a c id .  The 
a c id  was l a t e r  sy n th e s ise d  by CORBELLA e t  a l  who re p o r te d  
th a t  th e  method o f  ROBERTSON and WITKOP gave e r r a t i c  
r e s u l t s  and was u n su ita b le  fo r  the  re d u c tio n  o f p y r ro le -  
2—c a rb o x y lic  acid .*^  The method o f CORBELLA e t . a l
- 73 -
re q u ir e d  la rg e  amounts o f hydrogen iod ide  which was 
n o t co n v en ien tly  a v a ila b le  during th i s  work. I t  was 
th e re fo re  decided to  in v e s tig a te  the f i r s t  method 
f u r th e r  to  see i f  i t  could be m odified to  reduce p y r ro le -  
2 -c a rb o x y lic  ac id  in  accep tab le  y ie ld .
P y rro le -2 -c a rb o x y lie  ac id  was prepared  as shown in  
SCHEIE 29 .
Cl 
1. Ma,flCHOPOCI2 f f ^ S .







P y rro le  was t r e a te d  w ith  the S c h if f 's  base d e riv ed
from th e  trea tm en t o f D.M.F. w ith  phosphoryl o x y ch lo rid e .
The in te rm e d ia te  was hydrolysed w ith  aqueous sodium
72a c e ta te  to  y ie ld  the  aldehyde (103). S ilv e r  oxide 
o x id a tio n  gave the ac id  (109) * Phosphonium io d id e
was p rep a red  by h y d ro ly s is  of a m ixture o f P0T^ 
w h ite  p h o sp h o ru s .^  Hydroiodic ac id  was p repared  by 
tre a tm e n t o f aqueous iod ine  w ith  hydrogen su lph ide  
and HI gas was ob ta ined  by t r e a t in g  red  phosphorus 
w ith  io d in e  in  hydr io d ic  a c id .
R eduction o f p y r ro le -2-ca rb o x y lic  ac id  w ith  FH^I 
i n  h v d ro io d ic  ac id  fo llow ing the method o f ROBFR'TSON 
and WITKOP a ffo rd ed  3 ,4-d idehydropro line  (10?) in  70?S
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y ie ld .  On subsequent runs the y ie ld  of th i s  r e a c tio n  
was found to  be c o n s is te n tly  between 70 and 3 0 /.
T his procedure was found to  be s a t i s f a c to ry  w ith  none 
o f  th e  shortcom ings rep o rted  by previous w orkers.
The only  drawback to  the method was the r a th e r  hazardous 
p re p a ra t io n  o f phosphonium io d id e . I t  was l a t e r  found 
th a t  i f  a s a tu ra te d  so lu tio n  o f iod ine  in  8 0 / hyd ro iod ic  
a c id  was dropped in to  a 50/50 m ixture of io d in e  and red  
phosphorous, and th e  vapour produced bubbled in to  
g l a c i a l  a c e t ic  con ta in ing  10 / w/v anhydrous 
hypophosphorus ac id , a so lu tio n  o f hydrogen io d id e  was 
produced co n ta in in g  a th ic k  s e m i-c ry s ta ll in e  mass.
T his m ixture was found to reduce the p y rro le -2 -c a rb o x y lie  
a c id  to  3 ,4 -d idehyd rop ro line  in  8 0 / y ie ld .  I t  was 
b e lie v e d  th a t  the  s o lid  produced was phosphonium io d id e , 
in d ic a t in g  th a t  some ^2^4 was lDe^ -n3 formed during  the 
p ro d u c tio n  of HI. This b e l ie f  was supported  by the 
f a c t  t h a t  the  s o l id  ob ta ined  could be co-sublim ed w ith
PH.I to  g ive cubic c ry s ta ls  which seemed id e n t ic a l
Q
w ith  sublim ed PH .I.4
5 .3 .1  GLYCOLATION OP 3.4-DID3HYIH0PR0LIN5
As th e  two secondary hydroxyl groups o f c ro ta n ec in e  have
a  c i s -  r e la t io n s h ip  i t  was req u ire d  th a t  th e  two hydroxyl
groups o f  i t s  s u b s t i tu te d  p ro lin e  should be c i s .
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I t  was decided to  produce the  c i s  g lycol by osmium 
te tro x id e  o x id a tio n  of the double bond. The r e a c tio n  
sequence (a  v a r ia t io n  o f the procedure of 3033RT30'J
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SCHEME 30
The amino group was p ro tec ted  as the benzyl u re thane
d e r iv a t iv e  and the  carboxy l i e  ac id  was p ro te c te d  as the
m ethyl e s t e r .  (The p .m .r. spectrum of th i s  p ro te c te d
amino a c id  showed tvro sharp s in g le ts  fo r  the  e s te r
m ethyl group. This was a t t r ib u te d  to  a s u b s ta n t ia l
energy b a r r ie r  to  f re e  ro ta t io n  about the u rethane
IT—C bond.) O xidation of the double bond w ith  osmium
te tro x id e  in  p y rid in e  follow ed by red u c tiv e  cleavage
75o f  the osmate e s te r  y ie ld ed  the p ro te c te d  3 ,4 -h ihydroxy- 
p r o l in a .  H ydrogenolysis o f the carbobenzyloxy group 
and e s t e r  h y d ro ly s is  gave the c is  dihydroxy amino 
a c id  (106) in  good o v e ra ll y ie ld .
5 .4  ATT.JfPTdD 1.3-DIPOLAR 0Y0L0ADDITIONS.
I t  had been a n tic ip a te d  th a t  the form ation o f th e  
re q u ire d  oxazolium oxide (140) and /o r th e  a d d itio n  oi 
e th y l  p ro p io la te  to  i t  (SCHEME 31) might be com plicated  




A model experim ent was th e re fo re  c a r r ie d  out by 
h e a tin g  3»4“dihydroxy pro l in e  in  a c e tic  anhydride in  
th e  presence o f e th y l p ro p io la te . A fte r h ea tin g  a t  
r e f lu x  fo r  one hour the re a c tio n  m ixture was cooled and 
c o n c e n tra te d  to  a th ic k  black p o la r gum which could  no t 
be analysed  by t . l . c .  R esidual so lv en t and e th y l 
p ro p io la te  were removed by leav ing  the gum a t  0 .05 mmHg 
f o r  10 hours. The p .m .r . spectrum of the gum showed 
th a t  th e  d e s ire d  p y rro le  (SCHEME 31, R=Me) had not 
been formed as no s ig n a ls  were observed which corresponded 
to  an 0 -e th y l group. Furthermore the arom atic reg io n  
o f  th e  spectrum was very complex, ( th e  d e s ire d  p roduct 
should  give r i s e  to  a d i s t i n c t  methyl s in g le t  w ith  a 
sm all a l ly  l i e  coupling) . The main fe a tu re s  of the 
p .m .r .  spectrum were th ree  broad s in g le ts  in  the  arom atic  
re g io n  and a broad s in g le t  a t  S  2 .4  ppm. A ll a ttem p ts  
to  p u r ify  or analyse th i s  gum were u n su ccess fu l. (The 
experim ent was repea ted  in  the absence o f e th y l p ro p io la te  
to  y ie ld  a gum w ith  the same s p e c tra l  c h a r a c te r i s t ic s  
as b e fo re . Attempts to  p u rify  th is  m a te r ia l were 
ag a in  unsuccessfu l.) S horter re a c tio n  tim es and lower 
r e a c t io n  tem peratures re su lte d  in  a m ixture oi s ta r t in g  
m a te r ia l  ( e a s i ly  is o la te d  by ac id  e x tra c tio n  and ion  
exchange chromatography) and varying amounts of the 
same gum which became resinous on handling or s to ra g e .
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In  an a tte m p t to  fu r th e r  in v e s tig a te  the re a c tio n  
p ro d u c t, th e  p .m .r .  spectrum of a so lu tio n  of
3 , 4-d ih y d ro x y  p ro lin e  in  t r i f lu o r o a c e t ic  anhydride 
was re c o rd e d  on consecu tive  sweeps. The f i r s t  
spectrum  showed a  ra p id  decrease in  the  s ig n a ls  
c o rre sp o n d in g  to  3»4-dihydroxy p ro lin e  and the 
appea ran ce  o f  3 broad s in g le ts  in  the arom atic 
r e g io n .  The second sweep (about 4 minutes from 
m ixing) gave no spectrum  as a dark red  res in o u s 
m a te r ia l  had coated  the  in s id e  of the sample tube . 
The most l i k e ly  exp lan a tio n  fo r  the appearance o f 
th e  th r e e  arom atic  s ig n a ls  i s  the form ation o f a 
2 - s u b s t i t u t e d  p y rro le  o r a p y rro le  l ik e  s t r u c tu re .
T his co u ld  come about in  two ways, e i th e r  e lim in ­
a t io n  b e fo re  fo rm ation  o f the oxazoluim oxide 
( e . g .  SCHEME 32A) or e lim in a tio n  a f te r  form ation











No f u r th e r  a ttem pts were made to  id e n tify  the 
p ro d u c ts  o f  t h i s  r e a c tio n . Several hydroxyl 
p r o te c t in g  groups were considered  as a p o ssib le  
s o lu t io n  to  th e  e lim in a tio n  problem. E s te r  groups 
w ere d isc o u n te d  as they could be e lim inated  e a s i ly  
a s  in  th e  case  o f  a c e ta te .  Acid s e n s it iv e  groups 
w ere a ls o  r e je c te d  as i t  was f e l t  they would no t 
su rv iv e  th e  r e a c t io n  co n d itio n s , a lso  i t  would no t 
be p o s s ib le  to  N -form ylate the amino ac id  i f  i t  
c o n ta in e d  a c id  s e n s it iv e  groups.
A ttem pted form ation  o f the  methylene a c e ta l  
r e s u l t e d  in  the  form ation of polymeric m a te r ia l .  
S e v e ra l a ttem p ts  to  prepare methyl and benzyl e th e rs  
were u n su c c e s fu l and re s u lte d  in  lo ss  o f s ta r t in g  
m a te r ia l .
I t  was then  decided to attem pt the c y c l is a t io n  
w ith  N -fo rm y l-3 j4 -d idehyd rop ro line  (111) • I t  
t h i s  c y c l i s a t io n  was su ccessfu l s e le c tiv e  o x id a tio n  
o f  th e  p roduct ( 112) a t  the  p y rro liz in e  1 , 2-bond 









HC  ^ C02Et
HOv,
( 103)
N-Formy 1 -3 ,4 -d idehy iropro  lin e  (111) was prepared  
and t r e a t e d  w ith  a c e tic  anhydride and e th y l p ro p io la te . 
No homogeneous m a te r ia l was obtained from th is  
r e a c t io n  under a v a r ie ty  of re a c tio n  c o n d itio n s .
At t h i s  p o in t i t  was decided th a t the 1 ,3 -d ip o la r  
r o u te  would no t be o f any fu r th e r  use un less i t  
co u ld  be m odified  to  avoid the problems of e lim in ­
a t io n  caused  by the  presence of the hydroxyl group 
i n  th e  3 -p o s it io n  o f p ro lin e . I t  may be p o ssib le  to  
d e v ise  a  m ild e r method fo r  dehydrating the N-formyl 
a c id  to  produce the oxazolium oxide. I f ,  fo r  
exam ple, d icy c lo h ex y lcarb o d iin id e  could be used fo r  
th e  d eh y d ra tio n  s tep  then the hydroxyl groups could 
s a f e ly  be p ro te c te d  as th e i r  te trahyd ropyrany l or 
t r i m e t h y l s i l y l  e th e rs .
I t  was d iscovered  during the l i t e r a t u r e  search  
f o r  p r o p e r t ie s  o f molecules w ith s tru c tu re s  s im ila r  
to  ( 112) th a t  a sy n th es is  of ( 112) in  good y ie ld  
a lre a d y  e x i s t s . ^  This suggests th a t  i t  may be
u s e fu l  a t  a fu tu re  date  to  study s e le c tiv e  o x id a tio n  
o f  ( 112) as a p o ss ib le  ro u te  to  c ro ta n ec in e .
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5 .5  TH3 INTRAMOLECULAR CYCLISATION ROUTE- SYNTHETIC STRATEGY. 
Study o f  th e  c ro ta n ec in e  s tru c tu re s  ( 12) 
su g g e s te d  cleavage o f bond a /b  as a reasonab le 




T his d is lo c a t io n  was chosen as i t  req u ire d  
t h a t  carbon  b_ should be capable o f  becoming an 
a n io n  o r  e q u iv a le n t and th a t  carbon a sould be 
c a p a b le  o f  becoming a c a tio n  or eq u iv a len t. 
G e n e ra tio n  o f  a carbonium ion  equ iva len t a to a 
n i t r o g e n  by fo rm ation  o f a S c h if f 's  base i s  w ell 
known. C o n sid e ra tio n  o f th i s  b asic  sy n th e tic  
s t r a t e g y  and o f  th e  e la b o ra tio n  req u ired  to  provide 
th e  a p p ro p r ia te  o x id a tio n  le v e ls  a t  the various 
ca rb o n s o f  c ro ta n ec in e  le d  to  the p o s tu la tio n  o f 
th e  fo llo w in g  sy n th e tic  ro u te .
OTHPOTHP OTHP p T H P
CO,H \ n / x C02Bz \ N/ x CO,Bz
S-c<
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D.B.N.  -- THPO
(115)
S e le c tiv e  0— p ro te c tio n  o f c i s  3 • 4- d ihydroxyproline 
fo llo w ed  by N -a lk y la tio n  w ith e th y l 4-brom obutanoate, 
and s e le c t iv e  d ep ro te c tio n  of the  carboxy l i e  ac id  
was ex pec ted  to  give the  a  t e r t i a r y  amono ac id  ( 113) • 
D ecarb o n y la tio n  o f the ac id  with POC#  ^ to y ie ld  
th e  im inium io n  ( 114) trea tm ent w ith  a non- 
n u c le o p h il ic  base ( e .g .  D.B.N.) was then expected to  e f f e c t  
c y c l is a t io n i  by a t ta c k  o f the e s te r  enol on the  iminium 
io n .  T his in te rm ed ia te  (115) could then be transform ed 
in to  ( 12) as d escribed  in  CHAPTER 5*2. As th i s  type 
o f  in tra m o le c u la r  c y c l is a t io n  had not p rev iously  
been  re p o r te d  i t  was decided to  try  the c y c l is a t io n  
on a  s im p le r  system f i r s t .  The p ro lin e  d e r iv a tiv e  (116) was 




T his was prepared  as fo llow s. The benzyl 
u re th a n e  o f  L -p ro lin e  was prepared by the s tandard  
Schotten-Baum ann proceedure. The IT-protected amino 
a c id  was then  converted  in to  i t s  t e r t i a r y  bu ty l e s te r  
by tre a tm e n t w ith  f re s h ly  prepared 2-raethylprop-1-ene 
in tro d u c e d  as a l iq u id  in to  a methylene ch lo rid e  
s o lu t io n  c o n ta in in g  a c a ta ly t ic  amount o f P .T .S .A .
An a l t e r n a t iv e  method fo r  the p rep a ra tio n  of the 
t e r t i a r y  b u ty l e s te r  by t r a n s e s te r i f ic a t io n  w ith  
t e r t i a r y  b u ty l a c e ta te  was found to  give lower 
y i e l d s .  H ydrogenolysis of the R -p ro tec tin g  
g roup a ffo rd e d  the  amino e s te r .  This was a lk y la te d  
w ith  e th y l  l^brom obutanoate. (The bromo e s te r  was 
o b ta in e d  by s tan d ard  methods from )  — butyrolactone). 
Removal o f the  t e r t i a r y  b u ty l group w ith  hydrogen 
bromide in  a c e t ic  ac id  y ie ld ed  the amino ac id  ( 116) .
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At t h i s  p o in t RAPOPORT and co-workers published  
a  s y n th e s is  o f  d ie th y l p y r ro l iz id in e -1,1 -d ica rb o x y la te  
by th e  approach  proposed in  th i s  c h a p t e r . I t  
was c o n s id e re d  th a t  although the proposed rou te  to  
c ro ta n e c in e  was s t i l l  f e a s ib le ,  i t  would be more 
u s e f u l  to  in v e s t ig a te  the u t i l i t y  of th i s  method 
f o r  th e  s y n th e s is  of la b e lle d  compounds fo r  use in  
b io s y n th e t ic  s tu d ie s .
5 .6  ATTEMPTED SYNTHESIS 0? IMMUM IONS.
Much o f  th e  b io sy n th e tic  pathway to  re tro n e c in e  
h as  been  e lu c id a te d  by ROBINS and co-w orkers. I t  
h a s  been  shown (CHAPTER 1 . 5) th a t  the triam ir.e 
homo sperm id in e  ( 44) i s  a s p e c if ic  p recu rso r fo r 
r e t r o n e c in e .  The course o f the b io sy n th e tic  
tr a n s fo rm a tio n  from honospermidine to  re tro n e c in e  
h as  n o t y e t  been d iscovered .
I t  can be p o s tu la te d  (SCHEME 33) th a t  o x id a tio n  
o f  one o f  th e  prim ary amino groups to  an aldehyde 
( 117) fo llo w ed  by in tram o lecu la r a tta c k  by the 
c e n t r a l  secondary  amine would give the S c h if f 's  







The s t a tu s  o f (45) as a b io sy n th e tic  in term ed ia te  
could, be in v e s t ig a te d  i f  i t  could be sy n th esised  in  
an  i s o  to p i c a l l y  la b e l le d  form and fed to  p la n ts  
p ro d u c in g  r e tro n e c in e .  In  o rder to  determ ine 
w h eth er ( 45) i s  a  s p e c if ic  p recu rso r i t  would 
have to  be doubly la b e lle d  in  such a way th a t  i f  
i t  w ere in c o rp o ra te d  i t  could be shown th a t  i t  had 
been  in c o rp o ra te d  i n t a c t .  The la b e ll in g  p a t te rn  
shown i n  ( 118) was considered  to  be su ita b le  fo r  
th e  p roposed  feed in g  experim ents.
I t  was thought reasonab le  th a t  such a molecule 
c o u ld  be sy n th e s ise d  in  a manner analogous to  th a t  
p roposed  f o r  th e  sy n th e is  o f (114) CHAPTER 5*5*
The s y n th e s is  o f  u n la b e lle d  ( 118) was undertaken
i n  o rd e r  to  determ ine w hether i t  was s ta b le  and
i f  so to  f in d  the  most e f f ic ie n t  ro u te  fo r  p re p a ra tio n
o f  th e  la b e l le d  m a te r ia l .
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SCH3ME 34
T his ro u te  was chosen as i t  could e a s ily  be
a d ap ted  to  th e  sy n th e s is  of la b e lle d  ( 118) .
T r i t i a t e d  p ro lin e  i s  commercially a v a ila b le , and
th e  re q u ire d  4 -c h lo ro b u ty ro n itr i le  could be
o b ta in e d  by trea tm en t o f 1-bromo-3-chloropropane 
14w ith  C cyanide io n .
T reatm ent o f t e r t i a r y  b u ty l p ro lin a te  w ith 
4 - c h lo r o b u ty r o n i t r i le  in  to luene a t  r e f lu x  in  the 
p re sen ce  o f  potassium  carbonate gave the t e r t i a r y  
amino e s t e r  in  h igh  y ie ld .  Treatment of the e s te r  
w ith  t r i f l u o r o a c e t i c  ac id  in  methylene ch lo rid e  
f a i l e d  to  y ie ld  the  d e s ire d  f re e  amino a c id . On 
a d d i t io n  o f  t r i f lu o r o a c e t ic  ac id  the s o lu tio n  tu rned  
dark  brown. Removal o f the so lven t l e f t  an 
i n t r a c t a b l e  t a r .  In  a fu r th e r  attem pt to  cleave 
th e  e s t e r  i t  was tr e a te d  w ith hydrogen bromide in  
a c e t i c  a c id .  On g en tle  warming of the so lu tio n  a 
w h ite  c r y s t a l l i n e  s o lid  p re c ip ita te d  from s o lu tio n . 
A n a ly s is  o f  t h i s  s o lid  showed i t  to  o e  ammonium 
brom ide.
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U n fo rtu n a te ly  time d id  not allow  th i s  approach 
to  be in v e s t ig a te d  fu r th e r .  Although th is  work 
co u ld  nob be taken  very f a r  in  the time a v a ila b le , 
i t  i 3 f e l t  th a t  th e  sy n th es is  of the req u ired  
la b e l l e d  m olecule should be in v e s tig a te d  fu r th e r .  
D e p ro te c tio n  o f  the e 3t e r  has turned  out to  be 
u n ex p ec ted ly  d i f f i c u l t .  However, th e re  are  sev e ra l 
v e ry  m ild  methods a v a ila b le  ( e .g .  PTSA in  benzene*^) 
f o r  c leav ag e  o f t e r t i a r y  b u ty l e s te r s .  Reduction 
o f  th e  n i t r i l e  should a ffo rd  the req u ired  prim ary 
am ine. C a ta ly t ic  hydrogengenation would be the 
method o f  cho ice  although hydrogenation o f n i t r i l e s  
i s  co m p lica ted  by form ation o f dim eric primary 
am ines produced by a t ta c k  on the in te rm ed ia te  imine 
by th e  prim ary amine. This can be avoided by 
c a r ry in g  o u t the  hydrogenation in  a c e tic  anhydride 
w hich t r a p s  th e  prim ary amine as an amide as i t  i s  
form ed. H ydro lysis would then y ie ld  the req u ired  
am ine.
I t  w i l l  probably  be necessary  to keep the 
im inium  io n  i n  ac id  s o lu tio n  to  avoid a t ta c k  by 
th e  p rim ary  amine on th e  imine to  form a D.3.IT. 
type  s t r u c tu r e .
I f  th e  sy n th e s is  o f the req u ired  iminium ion  
can  be ach ieved  and i f  i t  i s  shown to  be an i n t e r ­
m ed iate  in  re tro n e c in e  b io sy n th e s is , then fu r th e r  
in v e s t ig a t io n  could  be c a r r ie d  out by sy n th es is in g  
in te rm e d ia te s  w ith  tr i t iu m  on various p o s itio n s
o f  th e  p ro lin e  r in g .
The t r i t iu m  could be s p e c if ic a l ly  in troduced  
to  chosen p ro c h ira l  p o s itio n  in  the r in g  by T 
re d u c t io n  o f the  to sy l d e r iv a tiv e s  of e i th e r  o f 
th e  re so lv e d  enantiom ers of the a v a ila b le  (119) 








5 .7  CONCLUSIONS*
S y n th e tic  ro u te s  to  c ro tanecine  have been 
d e v ise d , and th e  problems encountered in  ta c k lin g  
th e se  have been d iscu ssed . Iminium io n s may be 
in te rm e d ia te s  in  necine b io sy n th e s is , and may a lso  
be u s e fu l  s y n th e t ic  in te rm ed ia te s  fo r  n ec in es . 
R outes f o r  th e  sy n th es is  o f these  species  have 
been  in v e s t ig a te d .
CHAPTER 6 .
NG ex p e r i w ts on crotalaria globifera plaints.
6.1 INTRODUCTION
In  CHAPTER 4 the  is o la t io n  o f two p y rro liz id in e  
a lk a lo id s  from C ro ta la r i a  g lo b ife ra  was d escrib ed . 
One o f  th e se  a lk a lo id s  was shown to  be trichodesm ine 
( 46) .  I t  was proposed th a t  the o th e r a lk a lo id  
named "g lobiferine** has the s tru c tu re  ( 41) .
I t  was considered  th a t  an in v e s t ig a t io n  in to  
th e  b io s y n th e s is  o f these  a lk a lo id s  would be of 
v a lu e  f o r  s e v e ra l reaso n s . The b io sy n th e s is  o f 
tr ich o d esm ic  ac id  (28) has not been in v e s t ig a te d  
a lth o u g h  th a t  o f the c lo se ly  r e la te d  m onocrotalic 
a c id  ( 40) h a s .^2 L abelling  experim ents may be 
a b le  to  show a b io sy n th e tic  re la t io n s h ip  between 
tr ich o d esm in e  ( 46) s-nd g lo b ife r in e  (41)* These 
experim en ts  may a lso  be -of a s s is ta n c e  ' i n  v e r ify in g  
th e  s t r u c tu r e - o f  g lo b ife r in e  (41 )•
6 .2  FEELING EXPERIMENTS.
ROBINS e t  a l  have shown th a t  L -iso leu c in e  ( 36)
  (  \ 42i s  a  s p e c i f ic  p recu rso r o f m onocrotalic ac id  ( 40) • 
T h e ir  r e s u l t s  in d ic a te  th a t  L -iso leu c in e  ( 36) i s
in c o rp o ra te d  in to  the r ig h t  hand C^  u n it  of 
m o n o c ro ta lic  ac id  (40) (SCHEME 35) •
(46) (4l)
SCHEME 35
As trichodesm ic  ac id  ( 5) con ta ins the same 
C,_ u n i t  i t  seemed l ik e ly  th a t  L -iso leu c in e  ( 36) 
i s  a  p re c u rso r  o f th i s  ac id .
In s p e c tio n  o f  the remaining u n it  suggested 
th a t  i t  could  be derived  from v a lin e  ( 34)
(SCHEME 36) .  V aline has been shown to  be 
in c o rp o ra te d  in to  se v e ra l necic  ac ids (CHAPTER







I t  was th e re fo re  decided to  feed  is o to p ic a l ly  
l a b e l le d  iso le u c in e  and v a lin e  to  C .g lo b ife ra  
p l a n t s .
Because o f the p r a c t ic a l  problems a sso c ia te d  
w ith  in tro d u c in g  m a te r ia l in to  whole p la n ts  
i t  i s  o f te n  d i f f i c u l t  to  determ ine a cc u ra te ly  
how much o f  th e  la b e lle d  compound i s  a c tu a lly  
ta k en  in to  the p la n t .  There are  a number of 
o th e r  u n c e r ta in t ie s  a sso c ia ted  w ith the use of 
p e rc e n t in c o rp o ra tio n s  as c r i t e r i a  fo r  the measure­
ment o f r e l a t iv e  e f f ic ie n c ie s  o f compounds te s te d  
as  b io s y n th e tic  p recu rso rs  o f a m e tab o lite . A b e t te r  
m easure o f the  r e la t iv e  e f f ic ie n c ie s  o f a range
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o f  p o s s ib le  p recu rso rs  may be obtained  by '’double 
l a b e l l i n g ” experim ents. The p rospective  p recu rso r 
i s  fe d  admixed w ith  a known p ropo rtion  o f a 
s ta n d a rd  compound. This compound should be a 
known p re c u rso r  o f th e  ta rg e t  m olecule. I f  the 
p re c u rs o r  and the  s tandard  are la b e lle d  w ith 
d i f f e r e n t  is o to p e s  then the r a t io  of these 
is o to p e s  in  th e  ta rg e t  molecule w il l  give a 
m easure o f  th e  e f f ic ie n c y  o f the t e s t  compound as 
a  p re c u rs o r  r e l a t iv e  to  the s tandard  compound.
By t h i s  method the  r e la t iv e  e f f ic ie n c ie s  o f a range 
o f  t e s t  p re c u rso rs  may be e s ta b lish e d .
P u tre s c in e  ( 1 , 4-diam inobutane) was chosen as 
a  s ta n d a rd  in  th e  fo llow ing experim ents as i t  has 
been  shown to  be e f f ic ie n t ly  in co rp o ra ted  in to  
r e tro n e c in e  ( 3) ,  the  necine base of the  two 
a lk a lo id s  in  q u e s tio n . The in c o rp o ra tio n s  of 
a c e ta te ,  L -^ U -^ c ] iso le u c in e , DL-[4- ^ c ]  
v a l in e  a n d [ l ,4- ^ c ]  p u tre sc in e  in to  trichodesm ine 
and g lo b i f e r in e  were measured.
S o lu tio n s  o f the  la b e lle d  m a te ria ls  were
p re p a re d  as shown in  TABLE 1. The so lu tio n s  were
p re p a re d  by mixing to g e th e r aqueous so lu tio n s  of
th e  a p p ro p r ia te  compounds. The r e s u l t in g
s o lu t io n s  were evaporated  to  dryness and then
re d is s o lv e d  in  a  sm all volume o f s t e r i l e  w ater.
The m ix tu res  fo r  feed ing  were prepared so th a t  the
r a t i o  o f  ^H/1^C was 8 :1 . In  the case o f DL-
3tj /14v a l in e  th e  s o lu tio n  was made up to  give a n / C 
r a t i o  o f  8:1 w ith  re sp e c t to  L -v a lin e . A cetate 
was fed  as a c o n tro l experim ent as i t  has been 
shown th a t  a c e ta te  i s  not a s p e c if ic  p recu rso r o f 
th e  n ec ic  a c id s .  p u tre sc in e  was fed  to
determ ine how c lo se ly  the in c o rp o ra tio n  of ^  from 
3H -p u tre sc in e  r e f le c te d  the a c tu a l in c o rp o ra tio n  
o f  p u tr e s c in e .  Each so lu tio n  was fed  to  th i r ty  
3 month o ld  f! .g lo b ife ra  p la n ts  by the xylem 
p r ic k in g  method . 45 The p la n ts  were h arv ested  
a f t e r  seven days and th e i r  a lk a lo id s  e x tra c te d  as 
described- in  CHAPTER 4 . Between 1 and 2 mg o f
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a lk a lo id  was ob ta ined  in  each experim ent. The 
r a d io a c t i v i ty  o f the t o t a l  a lk a lo id  e x tra c t in  
each  case  was measured. The r e s u l t s  obtained are  
shown in  TABLE 2 . The a lk a lo id  m ixture was then 
d i lu te d  w ith  a m ixture o f trichodesm ine and 
g lo b i f e r in e  o b ta ined  from previous work (CHAPTER 4) .  
The two a lk a lo id s  were separa ted  by t . l . c .  and 
th e  r a d io a c t iv i ty  o f the  in d iv id u a l a lk a lo id s  
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6 .3  DISCUSSION
The r e s u l t s  from f e e d in g |l>4- 14c] pu treso in e  in d ic a te  
t h a t  th e  in c o rp o ra tio n  o f tr i t iu m  from [ i ,4 -^h] 
p u tr e s c in e  g iv es  a good measure o f the  in c o rp o ra tio n  
o f  p u tre s c in e  in to  the a lk a lo id s . The s l ig h t  decreas* 
in  th e  V '  r a t i o  can be explained by the lo s s  of 
some d u rin g  o x id a tio n  of the amino groups on the 
r e t r o n e c in e  b io s y n th e tic  pathway.
The la rg e  in c re a se  in  the ^H/14C r a t i o  obta ined  
r *1 A ifrom th e  ^1- CJ a c e ta te  feed  i s  in  agreement w ith  o th e r 
r e s u l t s  th a t  a c e ta te  i s  not a sp e c if ic  p recu rso r o f the•3 O
n e c ic  a c id s .  I t  i s  in te r e s t in g  to  note th a t  the
v  r a t i o  in c re ased  s t i l l  fu r th e r  a f t e r  chrom atographic
p u r i f i c a t i o n  o f the a lk a lo id s .  This in d ic a te s  th a t
an a c e ta te  d e riv ed  m a te ria l had been e x tra c te d  along
w ith  th e  a lk a lo id s .  I t  has been noted p rev iously
t h a t  te rp e n o id  m a te r ia l can be co -ex trac ted  w ith
p y r r o l i z id in e  a lk a lo id s  and th a t  subsequent removal of
38t h i s  m a te r ia l  i s  d i f f i c u l t  on a sm all s c a le .
The H/ C r a t i o  ob ta ined  from the v a lin e  feed 
su g g e s ts  th a t  th i s  amino ac id  i s  an e f f ic ie n t  p recu rso r 
o f  b o th  th e  a lk a lo id s  s tu d ied  in  th i s  work. V aline 
ap p ea rs  to  be in co rp o ra ted  in to  the a lk a lo id s  w ith  an 
e f f ic ie n c y  s im ila r  to  th a t  of p u tre sc in e . I t  was 
assumed by analogy w ith  iso le u c in e  th a t  only the 
L—isom er o f  v a l in e  would be incorpora ted  even though a 
racem ate  was fed  to  th e  p la n t.
L—is o le u c in e  a lso  appears to  be a s p e c if ic  p recu rso r 
o f  th e  two a lk a lo id s .  The in co rp o ra tio n  o f th i s  amino 
a c id  as  m easured by th e  in c rease  in  the ^H/ C r a t i o  
i s  somewhat le s s  e f f ic ie n t  than th a t of v a l in e .
The v a lu es  ob ta ined  from v a lin e  and iso le u c in e  
fe e d s  a re  no t d i r e c t ly  comparable as [4— c] v a lin e  
would be expected  to  r e ta in  a l l  of i t s  r a d io a c t iv i ty  
i f  in c o rp o ra te d  w h ile  [u- ^c] iso le u c in e  must lo se  
1 / 6 th  o f  i t s  a c t iv i ty  as i t s  carboxyl group i s  l o s t .
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I t  has been suggested by CROUT th a t  the b io sy n th e sis  
o f  th e  p y r ro l iz id in e  m acrocyclic d ie s te r s  proceeds 
via, an a c y c l ic  in te rm ed ia te  in  which two u n its  are
lin k e d  to  th e  necine base . These two C- u n its  then
5
c y c l i s e  in tra m o le c u la r ly  to  form the cy c lic  d ie s te r .
I f  t h i s  i s  the  pathway followed in  th i s  case then 
i t  can  be p o s tu la te d  th a t  v a lin e  could be lin k ed  to 
th e  n ec in e  nucleus v i r tu a l ly  unchanged while iso le u c in e  
may have to  undergo sev e ra l transfo rm ations (e .g .  
o x id a t io n  and decarboxylation) before i t  can be lin k ed  
to  th e  b a se . There would th e re fo re  be a g re a te r  
l ik e l ih o o d  o f  the  iso le u c in e  derived moiety being lo s t  
to  th e  carbon  pool o f  the p la n t before i t  could be 
in c o rp o ra te d .  This would r e s u l t  in  a lower in c o rp o ra tio n  
o f  i s o le u c in e  than  o f v a lin e .
Chrom atographic sep a ra tio n  o f the a lk a lo id s  showed 
t h a t  th e  amino ac id s  had been incorpora ted  w ith 
s im i la r  r a t i o s  in to  each a lk a lo id . This would seem 
to  in d ic a te  e i th e r  th a t  one o f the a lk a lo id s  i s  derived  
from  th e  o th e r  o r th a t  th e i r  b io sy n th e tic  pathways 
"fork*' from a  common ro u te  some time a f te r  both amino 
a c id  d e r iv a t iv e s  have been linked  to  the  necine base .
I t  seems u n lik e ly  th a t  two separa te  b io sy n th e tic  pa th ­
ways co u ld  g iv e  r i s e  to  id e n t ic a l  V 4c r a t io s  found 
f o r  th e  a lk a lo id s .
6 .4  FURTHER WORK
The above r e s u l t s  only c o n s ti tu te  a p re lim inary  
in v e s t ig a t io n  in to  the  b io sy n th esis  o f the  e s te r i fy in g  
a c id s  o f  trichodesm ine and g lo b ife r in e . The a lk a lo id  
c o n te n t o f  th e  p la n ts  a t  the stage in  th e i r  development 
when th e se  experim ents were c a rr ie d  out was very low.
A ty p ic a l  v a lu e  o f  the a lk a lo id  conten t was 0.05% of 
l i v e  w e ig h t. The r a te  o f a lk a lo id  production  a t  th is  
tim e must th e re fo re  have been very low. In  o rd er to 
o b ta in  th e  b e s t  r e s u l t s  from feeding experim ents the 
p re c u rs o rs  should  be adm inistered  when the r a te  o f 
a lk a lo id  p ro d u c tio n  i s  a t  i t s  h ig h e s t. I t  i s  suggested
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"th ere fo re  th a t  befo re  fu r th e r  feeding experim ents are  
c a r r i e d  o u t th e  a lk a lo id  conten t o f the p la n ts  should 
be m easured throughout a f u l l  growing season. This 
would d e term ine  a t  what s tage  in  the  p la n t 's  develop­
ment i t  would be b e s t to  carry  out the experiments 
and o v er what le n g th  o f tim e.
Once s u f f i c i e n t  q u a n ti t ie s  of la b e lle d  a lk a lo id  
have been o b ta in ed  s p e c if ic  degradations may then be 
c a r r i e d  o u t .
[To avo id  r e p e t i t io n  the follow ing proposed 
d e g ra d a tio n  scheme w il l  r e f e r  only to  trichodesm ine; 
th e  same scheme could w ith  some m od ifica tion  be 
a p p l ie d  to  g lo b ife rin e ij
The most im portan t degradation  would be the 
c leav ag e  o f  th e  a lk a lo id  to  necic ac id  and necine 
base  p o r t io n s .  This should e s ta b l is h  th a t  most o f 
th e  (amino ac id ) r a d io a c tiv ity  i s  confined to  the
a c id  p o r t io n  and most o f  the (p u tre sc in e ) ra d io ­
a c t i v i t y  i s  confined  to  the re tro n e c in e  p o rtio n .
T h is  cou ld  most conven ien tly  be c a rr ie d  out by 
c a t a l y t i c  hydrogeno lysis (SCHEME 37) to  y ie ld  
re tro n e c a n o l and the V  lac to n e  o f trichodesm ic 
a c id .  —








The la c to n e  could then be degraded to  determine 
th e  lo c a t io n  o f the  ra d io a c tiv e  carbons. The
fo llo w in g  SCHEME 38 i s  a suggested s p e c if ic  degradation  
o f  th e  la c to n e .
T reatm ent o f the  lac to n e  w ith lith iu m  aluminium
h y d rid e  would give the te trahydroxy compound ( a) .
O x id a tio n  o f  ( a) w ith  sodium perioda te  would y ie ld  the
/5 -k e to a lc o h o l (B) p lus formaldehyde (corresponding
to  C-1) and acetaldehyde (corresponding to  C-2+C-6).
The a ldehydes could be is o la te d  as th e i r  dimedone
d e r iv a t iv e s .  I s o la t io n  o f acetaldehyde as i t s
b i s u lp h i t e  a d d itio n  product would allow  i t  to  be
re g e n e ra te d .  Treatment of the acetaldehyde w ith
pheny l magnesium ch lo rid e  followed by o x ida tion  w ith
p y rid in iu m  chlorochrom ate then basic  aqueous iod ine  
would y ie ld  t r i i o  dome thane (corresponding to  0 - 6 ) and
ben zo ic  a c id  (co n ta in in g  C—2 ).
O x id a tio n  o f /}-k e to a lco h o l (B)with permanganate 
would g iv e  the  /J -k e to a c id  ( c ) . D ecarboxylation of 
(c) by h e a tin g  w ith  aqueous acid  would produce CO^  
c o rre sp o n d in g  to  C-5) which could be trapped as 
BaCO^. The rem aining ketone (D) would y ie ld  
t r i i o  dome thane (corresponding to C-7) on trea tm ent 
w ith  b a s ic  aqueous io d in e . Bromination o f the ac id  
(E) by th e  H ell-V olhard-Z elinsky  method would y ie ld  
an  o —bromo a c id . This bromo acid  could re a d ily  be 
h y d ro ly sed  w ith  aqueous NaOH to  the u -hydroxy ac id  (F ) . 
C leavage o f  th i s  acid  w ith  p erioda te  would y ie ld  CO^  
(c o rre sp o n d in g  to  C-3) and aldehyde (G) . Bromination 
o f  (G) fo llow ed  by h y d ro ly sis  and p e rio d a te  o x id a tio n  
would y ie ld  form ic ac id  (corresponding to  C—4) and 
ace to n e  (co rresponding  to  C—S+C-9+C-10).
These degradations could be c a rr ie d  out on a 
co n v en ien t s c a le  as compounds B-G are  re a d ily  a v a ila b le  
and cou ld  be used to  d ilu te  the ra d io a c tiv e  samples 
as n e c e ssa ry .
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I f  r a d io a c tiv e  samples of each a lk a lo id  with 
s u f f i c i e n t l y  h igh  s p e c if ic  in co rp o ra tio n  from feeding 
ex p erim en ts  could be ob ta ined , i t  would be of value to  
r e - a d m in is te r  the  a lk a lo id s  sep a ra te ly  to C .g lo b ife ra  
p la n ts  to  t e s t  i f  one was a p recursor of the o th e r .
I t  would be o f  fu r th e r  in te r e s t  to  e s ta b l is h  i f  
r e t ro n e c in e  e s t e r i f i e d  a t  C-7 w ith v a lin e  was in c o r­
p o ra te d  in to  the  a lk a lo id .
6 . 5  CONCLUSIONS
Evidence has been obtained  th a t v a lin e  and 
L - is o le u c in e  a re  e f f ic ie n t  p recurso rs  o f the 
p y r r o l i z id in e  a lk a lo id s  obtained from C .g lo b if e r a .
I t  i s  assumed th a t  th ese  amino acids are  p recu rso rs  
o f  th e  e s te r i f y in g  acids of trichodesm ine and 
g lo b i f e r in e .  The r e s u l t s  suggest th a t  trichodesm ine 
and g lo b i f e r in e  have a common b io g en esis . I t  has 
been  shown th a t  [ l , 4— ’ h]  p u tre sc in e  i s  inco rpo ra ted  
in to  th e se  a lk a lo id s  w ith  l i t t l e  lo ss  of t r i t iu m .
R EA GEN TS  FOR SCHEME 3 8











c^ o h X 8 9 5.
CHL + PhCO„H
+ CHI
6 , 7 , 2
h c o 2h  +
C -4  c - 3*9+10
SCHEME 38
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C H A P T E R  7  EXPERIP 1ENTA1
7.1  Genera l  Note s
A l l  m e l t i n g  p o i n t s  are uncorrected and uere taken with a 
K o f l e r  h o t - s t a g e  apparatus .  Optical  r o t a t i o n s  were measured 
w ith  a Per kin -E lm er  141 Po lari m eter .  Infra red sp ec tra  uere  
d ete rm in ed  w i th  Perkin-Elmer 197,  257,  or 580 Infra red S pectro ­
p h o t o m ete rs  or  a Perkin-Elmer 225 Grating Infra red S pectro ­
p h o t o m e t e r .  Nuclear  magnet ic resonance sp ec tra  uere determined  
u i t h  Var ian  T -60 ,  Perkin-Elmer R32, or l/arian XL-100 s p e c t r o ­
m e t e r s .  A l l  n .m . r .  s p e c t r a  uere determined for  s o l u t i o n s  in  
d e u t e r i o c h l o r o f o r m  u n l e s s  other wise  i n d i c a t e d ,  u i t h  t e t r a m e t h y l -  
s i l a n e  a s  i n t e r n a l  s tandard .  Mass sp ec tra  uere obtained u i t h  
an AEI PIS 12 s p e c t r o m e t e r .
Thin l a y e r  chromatography ( t . l . c . )  o f  a l k a l o i d s  was ca r r i e d  
o u t  on K i e s s e l g e l  G (Merk).  The a l k a l o i d s  were lo c a t e d  by
o x i d a t i o n  u i t h  o - c h l o r a n i l ,  fo l lowed by treatment  u i t h  E h r l i c h ' s
. 55 r e a g e n t .
D i e t h y l  e t h e r ,  te trah yd ro furan  and dimethoxyethane (D.N .E .)  
were d r i e d  ov er  l i t h i u m  aluminium hydride and d i s t i l l e d  pri or  
to  u s e .  N,N-Dimethylformamide (D .N .F .)  was dried over barium 
o x i d e  and d i s t i l l e d  a t  reduced p res s u re .  Chloroform was dried  
by p a s s i n g  through grade 1 b a s ic  alumina.  Organic s o l u t i o n s  
were d r i e d  u i t h  anhydrous magnesium su lphate  and s o l v e n t s  uere  
e v a p o r a t e d  o f f  under reduced pressure below 40 C.
-100-
7 .2  EXPERIMENTAL TO CHAPTFR 2
( + ).-R,e t r |Dn e c i n e  (3.1-  A supply 0 f  U ) - r e t r o n e c i n e  uas
o b t a i n e d  by h y d r o l y s i s  o f  r e t o r s i n e  ex trac ted  from Senecio  
i s a t i d e u s  p l a n t s  as  d escr ib ed  by ROBINS and SUEENEY.^
Re.3c .t4 .on P.f  3 | 3 - d i m e th y l q l u t a r i c  anhydride u i t h  ( + ) - r e t r o -
f n.e. 1 ? ) ~ ( + ) - R e t r o n e c i n e  ( 1 5 .5  mg, 0.1 mmol) uas d i s s o l v e d
in  c h l o r o fo r m  (5 m l ) .  To t h i s  uas added a s o l u t i o n  o f  3 , 3 —
d i m e t h y l g l u t a r i c  anhydride ( 1A. 2 mg, 0.1 mmol) in chloroform
(5 m l ) .  T h i s  s o l u t i o n  uas l e f t  at  room temperature for 12
h o u r s ,  a f t e r  u h ich  time the s o l v e n t  uas removed to  l eave  a
foam i n  q u a n t i t a t i v e  y i e l d  uhich co l la p sed  to a gum on s t o r a g e .
This  gum uas  a mixture o f  7-  and 9-0-(hydrogen 3 ,3 - d i m e t h y l -
g l u t a r y l ) - r e t r o n e c i n e ; v  (CHC1 ) 3 300,  3 000,  and ^ max • J>
1 726 cm" ; ( f  {CD^QD)  4 .52 (m, H-7 o f  C-7 e s t e r ) ,  4.71 ( s ,
H-9 o f  C-9 e s t e r ) .  From the i n t e g r a t i o n  for  these  s i g n a l s  
th e  r a t i o  o f  the  C-7 monoester to  C-9 monoester varied from 1 :2 
to  1 :7 on d i f f e r e n t  runs .
1 3 ,1 3 -D im eth y l -1  ,2 -d id eh y d ro cr o ta la n in e  ( 4 7 ) -  
Nethod one ( t y p i c a l  run):  (+ )-R etronec in e (50 mg, 0 .32 mmol)
uas  d i s s o l v e d  i n  chloroform (5 ml) 3 , 3 - d i m e t h y l g l u t a r i c  anhydride  
(46 mg, 0 . 3 2  mmol) in  chloroform (5 ml) uas added and the  
r e a c t i o n  m ix tu re  s t i r r e d  a t  room temperature for  12 hours .
The s o l v e n t  uas removed and the r e s u l t i n g  o i l  d i s s o l v e d  in  D.N.F.  
(15 ml) under &rgon. 2 ,2 - D i p y r i d y l d i s u l p n i d e  (68 mg, 0 .4  mmol) 
and t r ip h e n y l p h o s p h i n e  (105 mg, 0 .4  mmo-l) uere added and the
s o l u t i o n  s t i r r e d  a t  room temperature for 12 hours.  The r e s u l t ­
ing  y e l l o u  s o l u t i o n  uas d i l u t e d  u it h  D.fl .F.  (10 ml) and added 
v i a  a s y r i n g e  to  D.P1.F. (15 ml) at  r e f l u x  under argon over a 
p e r i o d  o f  6 h o ur s .  The re a c t io n  mixture uas heated a t  r e f l u x
f o r  a f u r t h e r  20 hours .  The mixture uas cooled and the
s o l v e n t  uas  removed to y i e l d  an o i l  uhich uas d i s s o l v e d  in 1M 
s u l p h u r i c  a c i d  (10 m l) .  The a c i d i c  s o l u t i o n  uas uashed u i t h  
c h lo r o fo r m  ( 2 x10 ml) and made s tr ong ly  b as ic  u i t h  conce ntra ted  
sodium h ydrox id e  s o l u t i o n  (10 ml).  The b a s ic  s o l u t i o n  uas 
e x t r a c t e d  u i t h  chloroform (4x10 mi) and the e x t r a c t s  d r i ed ,  
f i l t e r e d  and c o n ce n t ra te d  to y i e l d  an o i l  uhich uas p u r i f i e d
U 4. 1 f e l l  i n  F F  CHC1 / M e 0 H / N H  = 8 5 / 1 4 / 1  )by p r e p a r a t i v e  t . l . c .  ( s i l i c a  3 3
-1 0 1 -
to  g i v e  1 3 , 1 3 - d i m e t h y l - 1 , 2 - d i d e h y d r o c r o t a l a n i n e  ( 47) (44 mg,
4 9 «  as an o i l  ( r f  0 . 0 6 ) .  [ „ f 2 +4 2 .5 °  (c  4 . 4 0 ,  CHC1 );  ,. ’
(CC14 ) 1 735 and 1 655 cm"1 ; 6 1.1a (3 H, s ,  He),  2 .0 3  and 2?22
(4 H, ABq, 3 1 3 . 5  Hz, H-12 and H-14) ,  2 . 1 0 - 2 . 4 0  (2 H, complex,
H - 6 ) ,  2 . 5 0 - 3 . 1 0  (2 H, complex,  H - 5 ) , 3 . 3 0 - 3 .8 9  (2 H, complex,
H - 3 ) ,  4 . 3 5  (1 H, m, H-8 ) ,  5 .14 (1 H, m, H-7) ,  4 .08 and 5 .32
(2 H, ABq, 3 12 Hz, H—9 ) ,  5 .08  (1 H, m, H-2); m/z_ 279 (n+) ,
137 ,  1 3 6 ,  1 2 0 ,  119 ,  94 ,  93 and 80 (Found M+, 279 . 1469.
^ 1 5 ^ 2 1 ^ 4  r e q u i r e s  2 7 9 . 1 4 7 0 ) .  The p ic r a te  had m.p, 191-  
192 °C (EtOH) (Found: C, 4 9 .4 5 ;  H, 4 . 8 5 ;  N, 1 1 .3 # .  c2 1H24N4 ° 1 1 
r e q u i r e s  C, 4 9 . 6 ;  H, 4 . 7 ;  N, 1 1 , 0 # ) .  The p ic r o lo n a t e  had m.p.
2 3 2 -2 3 4  °C (decomp.)  (CHC13 ) (Found: C, 55 .4 ;  H, 5 . 45 ;  N, 1 2 . 8 # .
^*25^29^5^9 r e 0 lJi I'e s  C, 5 5 ,2 5 ;  H, 5 .3 5 ;  IM, 1 2 , 9 # ) .  The hydro-  
bromide had m.p.  208 -2 10  °C (EtOH) (Found: C, 50 .1 ;  H, 5 .85 ;
N, 3 .8 /6 .  C^H^BrNO^ r e q u ir e s  C, 5 0 .0 ;  H, 6 .1 ;  N, 3 , 9 % ) ,
N.IM-Dimethylamides o f  7-  and 9-0-(hydroqen 3 , 3 -d im et hy l -  
q l u t a r y l ) - r e t r o n e c i n e  ( A ) . During t . l . c .  p u r i f i c a t i o n  o f  (47)  
a s eco nd  more p o la r  component uas i s o l a t e d ;  ( r f  0 . 3 - 0 . 4 ;  s i l i c a ,  
CH013/ lyle0H/NH3= 8 5 / l  4/1 ) . This m at er ia l  accounted for between 
10 and 30# o f  th e  t o t a l  b a s i c  product .  The t . l . c .  behaviour  
o f  t h i s  p r o d u c t  i n d i c a t e d  th a t  i t  uas not a s i n g l e  compound, 
but  no a t t e m p t  uas made to  s ep ara te  the components o f  the presumed
m i x t u r e ,  v  (CHC1_) 3 300,  1 725 and 1 690 cm  ^ ; <5 1 .00 (6 H, max* j
br,  s ,  ne2 C),  2 . 9 0  (3 H, s ,  FleN), 3 .00  (3 H, s ,  MeN), 5 .70 (m, H-2 
o f  C-7 e s t e r ) ,  and 5.81 (m, H-2 o f  C-9 e s t e r )  (p lus  usual  complex 
p a t t e r n  f o r  r e t r o n e c i n e ) ; m/z. 324 (M+) ,  137,  136,  120,  119,  113,
99 ,  9 4 ,  and 93 (Found lYl+ , 32 4 .2044 .  C-]7H28N2°4 r e q u ire s  ^
3 4 2 . 2 0 5 0 ) .
Piethod tuo ( T y p ic a l  ru n ) .  (+ ) -R e tron ec in e  (62 mg, 0 .4  mmol) 
and 3 , 3 - d i m e t h y l g l u t a r i c  anhydride (57 mg, 0 .4  mmol) uere d i s s o l v e d  
in  c h l o r o f o r m  (10 ml) and s t i r r e d  at  room temperature for  12 hours .  
The c h l o r o f o r m  uas removed under reduced pressure and the r e s u l t i n g  
c o l o u r l e s s  o i l  uas  d i s s o l v e d  in 1 ,2-dimethoxyethane (D.M.E .)(10  ml) .  
To t h i s  s o l u t i o n  uas added tr iphenylphosphine (131 mg, 0 .5  mmol) and
2 , 2  - d i p y r i d y l d i s u l p h i d e  (110 mg, 0 .5  mmol). The s o l u t i o n  uas 
s t i r r e d  under argon for a further  12 hours.  The yel low s o l u t i o n  
uas taken up i n t o  a 10 ml sy r inge  and added to D.M.E. (50 ml) a t  
r e f l u x  under argon over a period o f  4 hours .  Reflux uas cont inued
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for a f u r t h e r  10 hours  a f t e r  a d d i t i on  uas complete .  The 
s o l v e n t  uas  removed and the r e s u l t i n g  o i l  d i s s o l v e d  in  chloroform  
(2 ml) and pas sed  through a s i l i c a  column (6 g Hf , 1 cm 
d ia m e t e r )  under a n e g a t iv e  pressure o f  18 mm Hg u ith  e l u e n t
5% v / v  m e th a n o l / ch lo r o fo r m  to y i e l d  1 3 , 1 3-dimethyl-1  , 2 -d id eh y d ro -  
c r o t a l a n i n e  (72 mg, 6 4 $ ) .
Me thod... t h r e e  (T y p ic a l  run) .  As in  method two u it h  the  
f o l l o w i n g  a l t e r a t i o n s .  The chloroform s o l u t io n  o f  monoester  
uas n o t  c o n c e n t r a t e d  but tr ipheny lphosphine  and 2,2  - d i p y r i d y l -  
d i s u l p h i d e  u ere  added d i r e c t l y  to i t .  After  12 hours a t  room 
te m p era tu re  t h i s  s o l u t i o n  uas added to r e f lu x in g  chloroform  
(50 ml) and uorked up as before  in  method tuo.  Yie ld=84$.
R e a c t i o n  o f  3 . 3 - t e t r a m e t h y l e n e q l u t a r i c  anhydride u i t h  ( + ) -
r e t r o n e c i n e -  ( + ) - R e t r o n e c in e  (1 5 .5  mg, 0.1 mmol) and 3 , 3 - t e t r a -
m e t h y l e n e g l u t a r i c  anhydride ( 16 .8  mo, 0.1 mmol) uere d i s s o l v e d  in
c h lo ro f o r m  (^ m l ) .  Af ter  18 hours at  room temperature the
s o l v e n t  uas  removed to  g ive  a mixture o f  the C-7 and C-9 mono-
e s t e r s  as  an o i l  in  q u a n t i t a t i v e  v i e l d .  v (CHC1_) 3 300.-----------  max. 3
3 010 and 1 725 cm ; <5 (CD^OD) 4 .50 (m, H-7 o f  C-7 e s t e r ) ,  4 .68  
( s ,  H-9 o f  C-9 e s t e r ) ,  5 .60  (m, H-2 o f  C-7 e s t e r ) ,  and 5 .72  
(m, H-2 o f  C-9 e s t e r ) .  From the i n t e g r a t io n  o f  th ese  s i g n a l s  
th e  r a t i o  o f  C-7 to  C-9 monoester uas 1 :3.
1 3 .1  3 -T e t ra m e thy le ne -1  . 2 -d idehydro cro ta lan ine ( 4 9 ) -  ( + ) -
R e t r o n e c i n e  (50 mq, 0 .32 5 mmol) uas d i s s o l v e d  in  chloroform  
(10 m l ) ,  3 , 3- t e t r a m e t h y l e n e g l u t a r i c  anhydride (55 mg, 0 .325 mmol) 
uas added and th e  r e a c t i o n  mixture l e f t  at  room temperature for  
16 h o u r s .  2 , 2  -D i p y r i d y l d i s u l p h i d e  (88 mg 0 .4  mmol) and t r i p h e n y l ­
phosphine (105 mg, 0.4  mmol) uere added to the r e s u l t i n g  s o l u t i o n ,  
th e  s o l u t i o n  uas  then s t i r r e d  for a further  12 hours a t  room 
t e m p e r a t u r e .  The chloroform s o l u t io n  uas added over a period o f  
3 hours  to  r e f l u x i n g  chloroform (50 ml) under an argon atmosphere.  
Uhen a d d i t i o n  uas com plete ,  r e f lu x in g  uas cont inued for  a fu rt her  
10 h o u r s .  The chloroform s o l u t i o n  uas a l loue d  to cool  and uas 
then c o n c e n t r a t e d  to a volume o f  10 ml and ex t ra c t ed  u i t h  1 i'I 
s u l p h u r i c  a c i d  (5x1 m l ) .  The acid washings uere t i t r a t e d  to pH 
10 u i t h  5N sodium hydroxide s o l u t io n  and then poured i n t o  c h l o r o ­
form (80 m l ) .  The mixture uas then s t i r r e d  v ig o r o u s ly  u h i l e  
f i n e l y  ground anhydrous potassium carbonate uas added u n t i l  
c h lo r o f o r m  uas  dry .  The s o l u t i o n  uas f i l t e r e d  and concen-
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t r a t e d  t o  y i e l d  an o i l  uhich uas p u r i f i e d  by t . l . c .  ( s i l i c a
GF2 5 4 ’ CHC l3/neOH/NH3= 8 5 / l V D  to gii/e 1 3.1 3 - te tr am eth y i -  
e n e -1 , 2 - d i d e h y d r o c r o t a l a n i  n,  ( 4 9 )  ( 6 0  mg> 6 0 % )  a 5  a n  o U
( r f  0 . 6 2 ) , [ „ J ^ 2 + 4 5 .1 °  (£  1 .0  in  CHCI3 );  (CCl^) 1 730,
and 1 675 cm ; rf* 1 . 2 - 2 . 7  (16 H, complex),  3 . 2 - 3 . 9  (2 H, 
co m plex ,  H - 3 ) ,  4 . 3 2  (1 H, m, H-B), 5 .13 (1 H, m, H-7) ,  1 . 10 
and 5 . 3 3  (2 H, ABq, 0 13 Hz, C-9) ,  and 5 .89 (1 H, m, H-2);  
m/z_ 305 (PI ) ,  137,  136,  120,  119,  94,  93 ,  and 80 (Found: 
3 0 5 . 1 6 2 2 .  C17H23N04 r e q u ir e s  M, 3 0 5 .1 6 2 6 ) .  The p i c r a t e
had a m.p.  2 0 5 -2 0 8  °C (decomp.) (EtOH) (Found: C, 5 1 .4 ;  H,
4 . 9 5 ;  N, 9.9576. C23 H2 6 N4°11 requ ires  c » 51 .7 ;  H, 4 .8 5 ;
N, 10.376).
R e a c t i o n  o f  ( + ) - R e t r o n e c in e  u i t h  q l u t a r i c  anhydride-
( + ) - R e t r o n e c i n e  11 5,5  mg, 0.1 mmolj and g l u t a r i c  anhydride
( 1 1 . 4  mg, 0 .1  mmol) uere  d i s s o l v e d  in chloroform (5 ml) .
A f t e r  2 hours  p r e c i p i t a t i o n  uas complete .  The s o l v e n t  uas
d e ca n te d  from th e  p r e c i p i t a t e d  o i l  uhich uas dried under
vacuum to  l e a v e  a dense  gum. This uas a mixture o f  the C-7
and C-9 m o n o es te r s  o f  r e t r o n e c in e  in a 1:1 r a t i o :  v ■------  —--------- max.
(CHC13 ) 3 3 10 ,  and 1 720 cm ; <T ( CD^SO 4 .50  (m, H-7 o f  C-7 
e s t e r ) ,  4 . 6 2  ( s ,  H-9 o f  C-9 e s t e r ) ,  5 .70 (m, H-2 o f  C-7 e s t e r ) ,  
and 5 . 8 0  (m, H-2 o f  C-9 e s t e r ) .
1 , 2 - D i d e h y d r o c r o t a l a n i n e  ( 5 0 ) -  Nethod one ( + ) -R e tr o n e c in e  
(78 mg, 0 . 5  mmol) uas d i s s o l v e d  in  chloroform (10 ml) and 
g l u t a r i c  an hyd r id e  (57 mg, 0 .5  mmol) uas added. The s o l u t i o n  
uas s t i r r e d  o v e r n i g h t  a f t e r  uhich time an o i l  had p r e c i p i t ­
a t e d .  T his  o i l  uas d ep o s i t ed  on the inner surface  o f  the  
l o u e r  end o f  a r e f l u x  condenser by applying i t  as a suspe ns ion  
in  d i e t h y l  e t h e r  and removing the s o l v e n t  in a stream o f
n i t r o g e n .  This  condenser  uas then placed in the neck o f  a
250 ml r . b .  f l a s k .  The top o f  the condenser uas s ea l ed  u i t h  
a rubber septum cap and the system f lushed u it h  a stream o f  
a rgon .  A s o l u t i o n  o f  tr ipheny lphosphine  (131 mg, 0 .5  mmol) 
and 2 , 2 , - d i p y r i d y l d i s u l p h i d e  (110 mg, 0 .5  mmol) in D.N.E.
(100 rul) uas  in t ro d uced  in t o  the f la sk  by s y r i n g e .  The 
s o l u t i o n  uas  then r e f l u x e d  under argon for 12 hours.  Al l  o f  
the d e p o s i t e d  monoester had been d i s s o l v e d  in t o  the s o l u t i o n  
a f t e r  3 h o u r s .  The r e f l u x i n g  s o l u t i o n  took on a deepening
y e l l o u  c o l o u r  as  the  r e a c t i o n  progressed .  After  12
- 1 0 4 -
s o l u t i o n  uas  c o o l e d ,  conce nt ra te d  a t  reduced pressure and
the r e s u l t i n g  gun, p u r i f i e d  by colu,nn chromatography as b e f o r e .
This  y i e l d e d  1 ^ 2 - d id eh y d r o cro ta la n in e  (50) (52 mg, 4 1 . 4«  as
a guns r f  0 -5 2  ( s i l i c a  G F ^ ,  CHCl^NeOH/NH^BS/l5/ 1) , [ . , ]  22
+ 3 9 . 0  ( c  1 . 0 ,  CHCl-): v  (CGI 1 1 71? -i c c
-  3 "  max. kLLV  1 732 and 1 605 cm ;
CP  1 . 9 0 - 2 . 2 0  (4 H, complex,  H-6 and H-13),  2 .2 2 -2  .49 (4 H 
com plex ,  H-12 and H-1 4) ,  2 . 5 0 - 2 . 8 3  and 3 . 2 0 - 3 .4 5  (2 H, corlplex,  
H -5 ) ,  3 . 4 5 - 4 . 0 1  (2 H, complex,  H-3),  4.41 (1 H, m, H-8 ) ,  4.34  
and 4 . 9 6  (2 H, ABq, 3 12 Hz, H-9),  5 .32 (1 H, m, H-7),  5 .97  
(1 H, m, H -2 ) ;  m/z 252 (n+), 137, 136,  120, 119, 94,  93,  and 
80 (Found: M , 251 .1 156.  C^H^NO^ requ ires  N, 252.1 157) .
The p i  c r a t e  had m.p.  210-212 °C (decomp.) (EtOH) (Found: C,
4 7 . 3 ;  H, 4 . 0 5 ;  N, 1 1 . 4 $ .  ^19^0^4^*11 rec,u^res  47 .5 ;
H, 4 . 1 5 ;  N, 1 1 . 6 5 $ ) .
Method t u o . G lu t a r i c  anhydride (11.4  mg, 0.1 mmol) in  
c h l o r o f o r m  (5 ml) uas added to a s o l u t i o n  o f  ( + ) - r e t r o n e c i n e  
( 1 5 . 5  mg, 0 .1  mmol) in  chloroform (5 ml) .  This mixture uas 
v i g o r o u s l y  s t i r r e d  a t  room temperature for 6 hours.  After  
t h i s  t i m e  th e  monoester  had p r e c i p i t a t e d  as a f in e  suspension  
o f  d r o p l e t s .  To t h i s  s t i r r i n g  suspension uas added t r i p h e n y l -  
p hosph in e  ( 6 5 . 6  mg, 2 . 5  e q u i v . )  and 2 , 2 / - d i p y r i d y l d i s u i p h i d e  
(55 mg, 2 . 5  e q u i v . )  and s t i r r i n g  continued for  a further  12 
hours  a f t e r  u h ich  t ime the s o l u t i o n  uas a c l e a r  y e l lo u  u i t h  no 
suspended  m a t e r i a l .  The s o l u t i o n  uas then added in  p o r t io n s  
(2 ml) to  r e f l u x i n g  chloroform (50 ml) in  an argon atmosphere 
o v e r  a p e r i o d  o f  3 hours .  The s o l u t i o n  uas heated a t  r e f l u x  
f o r  a f u r t h e r  8 hours  then co o led ,  concentrated and the  
r e s u l t i n g  o i l  d i s s o l v e d  in  methylene ch lo r id e  (15 ml) .  This 
s o l u t i o n  uas  e x t r a c t e d  u i t h  M/I 0 hydroch lor ic  acid (3x5 ml) 
and th e  a c i d  e x t r a c t  uashed once u i t h  methylene ch lo r id e  
(5 m l ) .  The aqueous s o l u t i o n  uas then b a s i f i e d  u i t h  c o n c e r t  
t r a t e d  ammonia s o l u t i o n  and ex t rac t ed  u it h  methylene c h l o r i d e  
(3x5 m l ) .  The o r g a n i c  l a y e r s  uere combined and shaken u it h  
5M sodium hydrox id e  s o l u t i o n  (5 ml) t i l l  c o l o u r l e s s  then 
uashed t u i c e  u i t h  u a t e r ,  d r ied ,  f i l t e r e d ,  concentrated and 
p u r i f i e d  by p r e p a r a t i v e  t . l . c .  ( s i l i c a  C F , ^ ,  CHC^/ileOH/NH^ 
0 5 / 1 4 / 1 )  to  y i e l d  1 | 2 - d i d e h Ybrncr°t a I a n in °- ( 20 n'9 ’ 74^ '
- 1 0 5 -
R e a c t i o n  o f  ( + ) - r e t r o n e c i n e  uit.h •'-TOt h v l a l u t a r i r  .nhyHriH-  
( + ) - R e t r o n e c i n e  ( 1 5 . 5  mg, 0.1 mmol) and 3 -m eth y lg lu ta r ic  
anhydr ide  ( 12 .8  mg, 0.1 mmol) uere d i s s o lv e d  in chloroform  
(10 ml) and s t i r r e d  a t  room temperature o v er n ig h t .  During t h i s  
t ime t h e  m on oes ter  mixture p r e c i p i t a t e d  out o f  s o l u t i o n .  The 
s o l v e n t  uas  decan te d  and the  res idue uashed u ith  chloroform  
and d r i e d  under vacuum to g iv e  the monoester in  q u a n t i t a t i v e
y i e l d ;  *’ max. ( nuJo 1 ) 3 3 0 0 > 3 000> and 1 730 cm~ 1 ; f  (CD,0C)
1 . 1 6  (3  H, d,  3 8 Hz, Me), 4 .7 0  (2 H, s ,  H-9),  and 6 .79 (1 H, 
b r , s ,  H - 2 ) .  In t h i s  case  only  the C-9 monoester had been 
formed .
S y n t h e s i s  o f  a mixture o f  (13-R and 13-5) 13 -m e t h y l -1 . 2 -  
d i d e h y d r o c r o t a l a n i n e  ( 5 l ) + ( 5 2 ) -  (+ )-Retronec ine (78 mg, 0.5  
mmol) uas  d i s s o l v e d  in  chloroform (5 ml),  to t h i s  s o l u t i o n  uas 
added 3 - m e t h y l g l u t a r i c  anhydride (64 mg, 0 .5  mmol) in chloroform  
(5 m l ) .  A f t e r  4 hours p r e c i p i t a t i o n  o f  the monoester uas 
c o m p l e t e .  The s o l v e n t  uas removed and the p r e c i p i t a t e  d i s s ­
o l v e d  i n  D.Pl .F.  (1 m l ) .  Triphenylphosphine (131 mg, 0 .5  mmol) 
and 2 , 2 ^ - d i p y r i d y l d i s u l p h i d e  (110 mg, 0 .5  mmol) uere added and 
th e  s o l u t i o n  s t i r r e d  fo r  16 hours at  room temperature. The 
s o l u t i o n  uas  th en  added dropuise  over a period o f  6 hours to  
r e f l u x i n g  D.Pl.E. (100 ml) under an argon atmosphere.  Af ter  
a d d i t i o n  th e  s o l u t i o n  uas heated at r e f lu x  for a fu rt he r  8 
h o u r s ,  th en  c o o l e d ,  co nce ntra te d  at reduced pressure and 
p u r i f i e d  by p r e p a r a t i v e  t . l . c .  to y i e l d  a mixture o f  ( 1 3-R and 
1 3 - 5 )  1 3 - m e t h y l - 1  . 2 - d id e h v d r o c r o t a la n in e s  (40 mg, 30^) uhich  
co u ld  n o t  be s e p a r a t e d  under a v a r i e t y  o f  t . l . c .  systems;
r f  0 . 5 5 ,  v (CHC1-) 1 732 and 1 634 cm 1 ; i f  (360 PlHz)
max. 3
(major i s o m e r )  1 .11 (3 H, d, 3 7 Hz, Pie), 4 . 53  (1 H, m, H- ) ,  
4 . 3 0  and 4 .81  (2 H, ABq, 3 12 Hz, H-9),  5.39 (1 H, m, H-7),
and 5 . 9 5  (1 H, d ,  3 0.1 Hz, H-2); (minor isomer) 1 .23 (3 H, br,
s ,  Pie),  4 . 4 9  (1 H, m, H-0),  4 .03  and 5 .20 (2 H, ABq, 3 12 Hz, 
H - 9 ) ,  5 . 1 5  (1 H, m, H-7) ,  and 5.92 (1 H, br, s ,  H-2); the r a t i o
o f  major to  minor isomers  uas 2:1 (from i n t e g r a t i o n ) .  _/_z
(n+ ) ,  1 37 ,  1 36,  121 , 122,  and 93 (Found: PI , 2o5 .1322 .
C14H19NO r e q u i r e s  PI, 265.1 31 2) .
A sec ond  more po lar  component uas separated by p rep a ra t iv e  
t . l . c .  ( r f  0 . 2 5 )  as an o i l y  mixture o f  the N.N-dimethyiamides 
Of 9 - 0 - ( h v d r n n e n  (3R) -  anH ( 3 5 ) -3-me thy 1 q lu tary l ^ e t r o n e c i n e
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(40 mg, 2 5 « ;  max> ( c h c 1;5) 3 300, 1 725,  and 1 6B5 CB-1 .
,r  1 . 0 0  (3  H, d ,  0 7 Hz, n e e ) ,  2 .9 0  (3 H, s , ne N), 2 .98 ( 3 ’h, 
s ,  MeN), 4 . 7 0  (2 H, br ,  s ,  H-9),  and 5.82 (1 H, br,  s ,  H-2) 
( p l u s  t h e  u s u a l  complex s i g n a l s  for r e t r o n e c i n e ) ; m/z 310 (f*l+) ,  
137,  1 3 6 ,  1 20 ,  119,  94 ,  93,  and 80 (Found: M+, 310.1890.  
C16 H2 6 N2°4  rec u^ i r e s  3 1 0 .1 8 9 2 ) .
R e a c t i o n  o f  3 , 3 - d i p h e n y lq l u t a r i c  anhydride u i t h  ( + ) - r e t r o -  
n e c i n e -  ( + ) - R e t r o n e c i n e  ( 1 5 .5  mg, 0.1 mmol) and 3 , 3 - d i p h e n y l -  
g l u t a r i c  an hyd r id e  ( 2 6 , 6  mg, 0.1 mmol) uere d i s s o lv e d  in 
c h l o r o f o r m  (5  m l ) .  A f t er  6 hours a t  room temperature the 
s o l v e n t  uas  removed to  y i e l d  a mixture o f  7- and 9 -0 - (hy d ro -  
Qgn _3 , 3 - d i p h e n y l q l u t a r y l ) re tro n ec in e  as an o i l ;  v (n u jo l )
3 2 2 0 ,  1 7 3 5 ,  1 500 ,  and 910 cm-1 ; (C  (CD30D) 4.74 (m, H-9 o f  
C-9 e s t e r ) ,  5 . 0 0  (m, H-7 o f  C-7 e s t e r ) ,  5 .55 (m, H-2 o f  C-9 
e s t e r ) ,  and 5 . 6 0  (m, H-2 o f  C-7 e s t e r ) .  From i n t e g r a t io n  the  
r a t i o  o f  C-9 t o  C-7 monoester uas 7 :1 .
1 3 ,1 3 - D i p h e n y l - 1  t2 -d ide hy d ro c r o ta la n ine  ( 5 3 ) -  (+ ) - R e tr o -  
n e c i n e  (155 mg, 1 mmol) and 3 , 3 - d i p h e n y l g l u t a r i c  anhydride 
(266 mg, 1 mmol) uere  d i s s o l v e d  in  chloroform (10 ml) .  This  
s o l u t i o n  uas  l e f t  a t  room temperature for 12 hours.  To t h i s  
s o l u t i o n  uas  added 2 , 2 I - d i p y r i d y l d i s u l p h i d e  (220 mg, 0.1 mmol) 
and t r i p h e n y l p h o s p h i n e  (262 mg, O^mmol). After  6 hours t h i s  
s o l u t i o n  uas  ta k e n  up in  a syri nge and added over 4 hours to  
c h l o r o f o r m  (50 ml) a t  r e f l u x  under argon. Heating uas continued  
fo r  2 hours  a f t e r  a d d i t i o n  uas complete.  The s o l v e n t  uas 
removed t o  l e a v e  an o i l .  This uas d i s s o lv ed  in IN hydro­
c h l o r i c  a c i d  (15 m l ) .  The acid s o l u t io n  uas uashed u it h  
c h lo r o f o r m  (3x10 m l ) .  The aqueous lay er  uas then b a s i f i e d  by 
adding  c o n c e n t r a t e d  ammonia (10 ml) .  This s o l u t i o n  uas e x t r a c t ­
ed u i t h  c h lo r o f o r m  (3x10 ml ) .  The organic l a y ers  uere com­
b ined  and uashed u i t h  1M sodium hydroxide (5 ml) and uater  
(2x10  m l ) ,  d r i e d ,  f i l t e r e d  and concentrated to leave an o i l  
u hich  uas  p u r i f i e d  by p rep a ra t iv e  t . l . c .  ( s i l i c a ,  CHCl^/^eOH/
NH = 8 5 / 1 4 / 1 )  r f  0 . 6 0 .  Yie ld (300 mg, 74$); r max  ^ (CCl^)
1 7 4 0 ,  1 570 ,  1 450,  and 1 424 cm 1 ; <f 1 .95 (2 H, complex,  H-6) ,  
2 . 5 0 - 2  .9 5  (1 H, complex,  H-3) , 3 . 3 8 - 3 .5 8  (4 H, complex,  H-6) ,  
3 . 9 5 - 4 . 1 3  (4 H, complex,  H-3, H-5, and H-8),  4 .45 (2 H, s ,  H-9) ,  
5 . 0 5  (1 H, complex,  H-7 ) ,  5 .40 (1 H, s ,  H-2),  7 .32 (8 H, complex 
Arh) ,  7 . 6 2  (1 H, complex,  ArH), and 0.51 (1 H, complex, ArH);
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j]j/i 403 .1  7 6 4 .  C2 5 H25N04 rec u^ i r e s  N, 40 3 .1 7 8 4 ) ,
1 12 - d ic y a n oet hy len e ( 5 5 ) -  Benzophenone
(100 mg, 0 . 5 5  m o l ) ,  ammonium a c e ta t e  (7 .7  g ,  0 .10 mol) and
g l a c i a l  a c e t i c  a c i d  (24 g) uere added to benzene (150 ml).
The m ix tu re  uas  r e f l u x e d  for  12 hours u i t h  a ze o tro p ic  removal 
o f  u a t e r . On c o o l i n g  the product c r y s t a l l i s e d  o u t .  The
d i p h e n y l d i c y a  no e t h y l e n e  uas f i l t e r e d  and c r y s t a l l i s e d  from 
aqueous e t h a n o l .  Y ie ld  80 g (70$) m.p. 138-139 °C ( l i t . 50 
140 ° C ) ;  v  max  ^ ( d i s c )  2 214,  1 798,  1 733,  1 449,  780,  758,
_ 'i  "
and 703 cm ; ( f o un d :  C, 83.24 ; H, 4 .44 ;  N, 12 .1 7$ .  r H N0
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r e q u i r e s  C, 8 3 . 4 5 ;  H, 4 . 3 8 ;  N, 1 2 .1 6 $ ) .
3 , 3 - D i p h e n y l - 2 , 4-d icyanoqlutamide ( 5 6 ) -  Sodium et hox ide  
(7 g Na, 400 ml EtOH) uas added to m a lo n o n i tr i l e  (20 g, 0 .3  mol) 
To t h i s  s o l u t i o n  uas  added 1 , 1 - d i p h e n y l - 2 , 2 -d icyanoeth y lene  
(46 g ,  0 . 2  m o l ) .  The s o l u t i o n  uas s t i r r e d  for 3 hours.  I t
uas then  d i l u t e d  u i t h  u ate r  (750 ml) f i l t e r e d  and the f i l t r a t e
a c i d i f i e d  u i t h  co n c e n t r a t e d  hydr ochlor ic  acid (100 ml) .  The 
a c i d i f i e d  s o l u t i o n  uas e x t r a c t e d  u i t h  ether  (5x200 ml) .  The 
e t h e r  s o l u t i o n  uas  dr ied  over  anhydrous magnesium su lp h a te ,  
f i l t e r e d  and c o n c e n t r a te d  to y i e l d  3 , 3 - d i p h e n y l -2 ,4 - d ic y a n o -  
g l u t a r i m i d e .  Thi s  uas c r y s t a l l i s e d  from aqueous e t h a n o l .
Y ie ld  25 g ,  m.p.  210-211 °C ( l i t . 50 210-211 °C) .  v ma^ ( d i s c )
2 1 7 0 ,  1 7 1 0 ,  17 00 ,  750 cm"1 ; (Found: C, 72.57;  H, 3 .5 0 ;  N,
1 3 . 4 4 $ .  ^19^11^3^ *2 r e 9u-*-res  72,84;  H, 3 .51 ;  N, 1 3 . 4 2 $ ) .
D i im id e  o f  2 , 2 - d i p h e n y l - 1 . 1 , 3 , 3 - t e t r a c a r b o x y l i c  acid  ( 5 7 ) -
3 , 3 - U i p h e n y l - 2 , 4 - d i c y a n o g l u t a r i m i o e  ^3.95 g, 0 .125 mol) uas
r e f l u x e d  f o r  10 hours in  a mixture o f  uater  (40 ml) a c e t i c  acid
(40 ml; and c o n c e n t r a t e d  su lp hur ic  acid (28 ml}.  The s o l u t i o n
uas d i l u t e d  u i t h  u a te r  (200 ml) .  On coo l ing  the diimide
c r y s t a l l i s e d  o u t  o f  s o l u t i o n .  Yield 3 .5  g (84$; m.p. 320 C
( l i t . 50 330 °C s u b ) ;  v ( d i s c )  3 310,  1 725,  1 453,  1 285
' ’ max.
cm ; (Found: C, 6 8 .3 1 ;  H, 4 .33 ;  N, 8 .2 7 $ .  requ ires
C, 6 8 . 2 6 ;  H, 4 . 1 9 ;  N, 8 . 3 8 $ ) .
3 , 3 -  D i p h e n y 1 g 1 „ t a r .i c ac id  (53).-  Diimide (57) ( 0 .44  g,
1 .32 mmol) uas  r e f l u x e d  in 10$ sodium hydroxide s o l u t i o n  
(30 ml) fo r  24 h o ur s .  The s o l u t i o n  uas cooled and 50$
- 1 0 0 -
s u l p h u r i c  a c i d  (30 ml) uas added Reflux uas continued for  
a f u r t h e r  3 h o u r s .  A c e t i c  acid  (10 mi) uas added and the 
s o l u t i o n  r e f l u x e d  fo r  3 hours .  The s o l u t i o n  uas f i l t e r e d  
u h i l e  h o t .  On c o o l i n g  3 , 3 -d i p h e n y l g l u t a r i c  acid c r y s t a l l i s e d  
from t h e  f i l t r a t e .  I t  uas r e c r y s t a l l i s e d  from uater .  Yield
0 . 2 5  g ,  (70?S), m.p.  1 58-159 °C ( l i t . 50 159 ° C ) ; v ( d i s c )
-i max. '
3 4 5 0 ,  1 7 2 2 ,  1 7 09 ,  1 500 and 700 cm (Found: C, 71.78;
H, 5.557$. C17H16°4 r e q u i r e s  C, 71 .83;  H, 5.637$).
3 ,  3 - D i p h e n y l  g l u t a r i c  anhydride ( 5 4 ) -  3 , 3 -D ipheny lg lu t-
a r i c  a c i d  (284 mg, 1 mmol) uas heated a t  r e f lu x  in  a c e t i c  
a n hyd r id e  f o r  1 hour.  Removal o f  s o l v e n t  l e f t  3 , 3 -d iph en y l ­
g l u t a r i c  a n hy d r id e  uhich uas c r y s t a l l i s e d  from benzene.
Y i e l d  250 mg, (137$), m.p. 149-150 °C ( l i t . 50 147-148 °C) ;
v  ( d i s c )  1 810 ,  1 773,  1 755, 1 080 and 700 cm-1 ; fm d x •
3 . 2 5  (4 H, s ,  -CH^-) ,  7 .2 5  (10 H, complex, Ph),  (Found:
C, 7 6 . 6 7 ;  H, 5 . 2 0 % .  C^H^O^ re qu ires  C, 76 .69;  H, 5.267$).
3 , 3 , 5 , 5- T etram eth y lcyc lohe xanone  ( 6 2 ) -  Methyl bromide 
(100 g ,  1 . 0 5  mol) in  anhydrous ethe r  (250 ml) uas added to  
magnesium t u r n i n g s  (24 g ,  1 mol) in  anhydrous ether  (500 ml) 
a t  such a r a t e  as  to  maintain  a g e n t l e  r e f l u x .  After  ad d i t io n  
uas co m p le t e  cuprous c h l o r i d e  ( 0 .9 9  g ,  0.01 mol) uas added and 
th e  m ix tu re  s t i r r e d  u h i l e  r e d i s t i l l e d  isophorone (65 q,
0 , 6 9  mol) uas  added dropuise  over a period o f  1 hour,  during  
uhich  t ime t h e  f l a s k  temperature uas maintained betueen 10 and 
15 °C by means o f  an i c e / u a t e r  bath.  The mixture uas then  
r e f l u x e d  f o r  1 hour and l e f t  at room temperature o v er n ig h t .
The m ix tu r e  uas  poured onto i c e  (800 g) in g l a c i a l  a c e t i c  
a c id  (100 m l ) .  The e t h e r  l a y e r  uas separated and the aqueous 
l a y e r  uas  e x t r a c t e d  u i t h  e ther  (2x50 ml).  The organic  l a y e r s  
uere com bined ,  uashed u i t h  107$ sodium bicarbonate  s o l u t i o n  
(3x50 ml) and u a t e r  (2x 25 ml) ,  +hen d r ied ,  concentrated  and 
d i s t i l l e d  a t  a p res s u r e  o f  10 mm Hg to y i e l d  3 , 3 , 5 , 5 - t e t r a -  
m e t h y lc y c l o h e x a n o n e  (83 g,  777$) as an o i l ,  b .p .  194-196  
( l i t . 51 1 9 5 - 1 9 6  °C);  <• max- (CHC13) 2 960 and 1 710 cm ;
I . 0  (12 H, s ,  -CH3 ) ,  1 .7  (2 H, 5,  -CH2- ) ,  2 .2  (4 H, s ,  -C H , - ) .
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2^2 , 4 , 4 - T e t r a m e t h y l a d i p i c  acid (63)_-  A mixture o f  50$ n i t r i c  
a c id  (2 50  ml) and ammonium metavanadate (1 q) was heated to 
65 °C u h i l e  b e in g  v i g o r o u s l y  s t i r r e d .  T0 t h i s  mixture 
3 , 3 ,  5 , 5 - t e t r a m e t h y l c y c l o h e x a n o n e  (62) (73 g,  0.47 mol) uas 
added d r o p u i s e  u h i l e  the  r e a c t i o n  mixture uas maintained at  
a t e m p era tu re  o f  60 -7 0  C by means o f  a coo l ing  bath. The 
mixture uas  s t i r r e d  f o r  a fu rt he r  30 minutes a t  t h i s  temper­
a t u r e .  Af+er  c o o l i n a  to  room temperature the 2 , 2 , 4 ,4-tetT-a-  
m e t h y l a d i p i c  a c i d  (63 )  uas f i l t e r e d  o f f  and uashed uith uater  
t i l l  th e  f i l t r a t e  uas  n e u t r a l .  C r y s t a l l i s a t i o n  from uater  
gave th e  pure a c i d  (91 g,  9 5 $ ) .  m.p. 121-123 °C ( l i t . 51 121-  
123 °C ) ;  v  ( d i s c )  2 980,  1 700,  1 190 c n f 1 (Found:
11* a  X  «
C, 5 9 . 3 0 ;  H, 8 . 88$ .  CgoHga°4 re^u ir e s  c > 59,40;  H, 8 . 9 1 $ ) .
2 , 2 , 4  , 4 - T e t r a m e t h y lc y c lo p e n t a n o n e  ( 64 ) -  2 ,2  , 4 ,4 -T etra -
m e t h y l a d i p i c  a c i d  (70 g ,  0 .35  mol) uas mixed u it h  manganese 
ca r b o n a t e  (10  g) and barium ox ide  (10 g) . This mixture uas 
d i s t i l l e d  u i t h  a sm a l l  bunsen flame to qive 2 , 2 , 4 , 4 - t e t r a -  
m e t h y lc y c l o p e n t a n o n e  (15 g,  30$) as the d i s t i l l a t e ;  v ms x •
(CHC13 ) 1 740 cm"1 ; S'  1 .0 5  (6 H, s ,  -CH3 ) ,  1 .10 (6 H, s ,  -CH3 ) ,
1 .7 0  (2 H, s ,  -CH2 - ) ,  2 . 1 5  (2 H, s ,  -CH2- ) .
2 ,2 ,4  , 4 - T e t r a m e t h y l q l u t a r i c  acid ( 6 5 ) -  2 ,2 ,4 , 4-Tetra­
m e t h y lc y c l o p e n t a n o n e  (64.) (5 g ,  35 mmol) uas ox id i s e d  in a 
s o l u t i o n  o f  ammonium metavanadate (0.1 g) in 50$ n i t r i c  acid  
(20 ml) as  f o r  3 , 3 , 5 , 5- t et ram eth y lcyc lohexanone  above, to y i e l d
2 , 2 , 4 , 4- t e t r a m e t h y l g l u t a r i c  acid  (4 .6  g 70$ ) ,  m.p. 196-197 C 
(Ex H2 0) ( l i t . 51 197-198  °C);  v ma^  ( d i s c )  1 700, 1 190 cm ;
cT (CD30D) 1 . 3 0  (12 H, s ,  -CH3 ) ,  2 .05 (2 H, s ,  -CH2- )  (Found:
C, 5 7 . 4 7 ;  H, 8 . 6 0 $ .  CgH1604 r equ ires  C, 57.45;  H, 8 . 5 1 $ ) .
2 ,2 ,4  , 4 - T e t r a m e t h y l q l u t a r i c  anhydride—( 60).-  2 ,2 , 4 , 4
T e t r a m e t h y l g l u t a r i c  a c id  (65)  (1 .88 g, 10 mmol) uas d i s s o l v e d  
in  r e d i s t i l l e d  a c e t i c  anhydride (10 ml) .  This s o l u t io n  
hea ted  a t  r e f l u x  for  1 hour.  The s o l v e n t  uas removed under 
reduced p r e s s u r e  to  l e a v e  2 ,2 , 4 , 4- t e t r a m e t h y l g l u t a r i c  anhydride  
as a gummy s o l i d  uhich c r y s t a l l i s e d  frorn^benzene^as needles  in
quantitative y i e l d ,  m.p. 88-91 C (lit. 91-92 C) , max. 
( d i s c )  1 7 9 0 ,  1 750 and 1 050 cm 1 ; </"l.4 (1- H* s * ~CH3^’
1 .8 5  (2 H, s ,  -CH2 - ) ;  (Found: C, 63.31;  H, 8 .3 1 $ .  Cg H1403
requires C, 63.53; H, 8.23$).
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R e a c t i o n  o f  2 , 2 . 4 . a - T e t r a r o e t h v l g 1„ t a r i c  a n h y d r id e  ( 6 0 ) u i t h  
j ^ r o t r ,□ n e c i n e -  2 , 2 , 4 , 4 - T e t r a m e t h y l g l u t a r i c  a n h y d r i d e  ( 60)
(17 mg, 0 .1  mmol) uas  d i s s o l v e d  in  chloroform (5 ml) and added 
to a s o l u t i o n  o f  r e t r o n e c i n e  ( 1 5 .5  mg, 0.1 mmol) in chloroform  
(5 m l ) .  T h i s  s o l u t i o n  uas l e f t  a t  room temperature for 12 
hours  a f t e r  u h ich  t ime the  s o l v e n t  uas removed at reduced 
p r e s s u r e  t o  l e a v e  7 - 0 - (hydrogen 2 ,2 ,4 ^ - t e t r a m e t h y l q l u t a r y l )
I . e t r o n e c i n e  s o l i d  g l a s s ;  y (n u jo l )  3 300,  1 730,  1 380 cm” 1 ;
( T  1 . 1 0  (6 H, s ,  -CH3 ) ,  1.21 (6 H, s ,  -CH3) , 4 .70 (2 H, s ,  H-9),
6 .7 9  (1 H, s ,  H -2 ) .
At tempted  c y c l i s a t i o n  o f  7-0-(hydroqen 2 .2 .4 , 4 - t e t r a m e t h y l -  
q l u t a r y l )  r e t r o n e c i n e  ( 66 ) -  This c y c l i s a t i o n  uas attempted
v i a  t h e  2 - p y r i d i n e  t h i o e s t e r  in  the usual fash ion in  the
f o l l o u i n g  s o l v e n t s :  ch loroform,  D.M.E.,  and D.M.F. at  r e f lu x  
fo r  v a r y i n g  l e n g t h s  o f  t i me .  In each case the only homo­
geneous m a t e r i a l  o b ta in e d  uas s t a r t i n g  m a ter ia l .  The c y l i s -  
a t i o n  uas  s i m i l a r l y  attempted vi a  the S- imidazole  d e r i v a t i v e  
(67)  u i t h  th e  same s o l v e n t s .  No re a c t io n  uas obtained.
E t h y l e n e d i t h i o k e t a l  o f  d i e t h y l - 3 - o x o q l u t a r a t e  ( 7 2 ) -  
D i m e t h y l - 3 - o x o g l u t a r a t e  (71)  (2 g,  10 mmol) uas d i s s o lv e d  in  
e t h a n e - 1  , 2 - d i t h i o l  ( 4 . 7  g ,  50 mmol). To t h i s  uas added BF3 
e t h e r a t e  (1 m l ) .  The s o l u t i o n  uas l e f t  at  room temperature 
for  5 d a y s .  The r e a c t i o n  mixture uas d i s s o lv ed  in  e t h y l  
a c e t a t e  (10 ml) and uashed uithSn sodium hydroxide (4x5 ml) 
then b r i n e  (2x 10  m l ) .  The organic  l ayer  uas d r ied ,  f i l t e r e d  
and c o n c e n t r a t e d  to  l e a v e  the  e thy lene  d i t h io k e ta l  o f  d i e t h y l -  
3 - o x o g l u t a r a t e . C r y s t a l l i s a t i o n  from methanol y i e ld e d  c r y s t a l s  
( 2 . 5  g ,  9 0 % ) .  m.p.  168-170 °C; v  max# ( d i s c )  2 990,  1 735,
1 3 70 ,  1 3 3 5 ,  1 183 cm” 1 ; ^ 1 . 3  (6 H, t ,  -CH3 ) , 3 .3  (8 H, s ,  
-CH2 - ) ,  4 . 2  (4 H, q, -CH2 -CH3 ) (Found: C, 47 .33;  H, 6 .40 ;
S, 23.23?$.  C . . H 0 S requ ires  C, 47.48;  H, 6 .47;  S, 23.02?$).
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E t h y l e n e d i t h i o k e t a l  o f  3- o x o g l u t a r i c  ac^ i d—{ 221.  ^  7
3 - o x o g l u t a r a t e  e t h y l o n e d i t h i o k e t a l  (72) (1 .4  g,  j mmol) 
d i s s o l v e d  i n  e t h a n o l  (60 ml ) ,  to t h i s  s o l u t io n  uas added 30?$ 
sodium h y d r o x id e  s o l u t i o n  (30 ml) .  The s o l u t io n  uas s t i r r e d
a t  room te m p era tu re  for  72 hours,  a f t e r  uhich
i ai f  i nrl to dH3 u it h  concentrated  
c o o l e d  i n  a s a l t / i c e  bath and a e i d i
-111-
h y d r o c h l o r i c  a c i d .  The aci d  s o l u t io n  uas ex tra ct ed  u it h  
c h lo r o f o r m  (3x20  m l ) .  The combined chloroform e x t r a c t s  uere  
uashed u i t h  u a t e r  (10 m l ) ,  d r i e d ,  f i l t e r e d  and concentrated to 
l e a v e  a s o l i d .  The t h i o k e t a l  c r y s t a l l i s e d  from uater as 
p l a t e s  (1 g ,  90?$). m.p. 210-213 C; v ( d i s c )  3 400,  1 710,
1 4 2 0 ,  1 3 9 5 ,  1 2 5 5 ,  1 220 cm- 1 ; ^  (CDCl^eOH d^) 3 .30 (4 H, s)  
3 . 3 5  (4  H, s )  (Found: C, 37 .64 ;  H, 4 .3 7 ;  5 , 28.92?$. C?H 0 5 
r e q u i r e s  C, 3 7 . 8 3 ;  H, 4 . 5 0 ;  5,  28.82?$).
E t h y l e n e d i t h i o k e t a l  o f  3 - o x o q l u t a r i c  anhydride ( 7 0 ) -  
T h i o k e t a l  ( 7 3 )  (1 g ,  4 . 5  mmol) uas d i s s o lv e d  in a c e t i c  anhyd­
r i d e  (10 m l ) .  This  s o l u t i o n  uas heated at  r e f lu x  for 1 hour.  
The s o l v e n t  uas  removed and the s e m i - s o l i d  res idue  uas c r y s t a l ­
l i s e d  from dry benzene to  y i e l d  the e t h y l e n e d i t h i o k e t a l  o f
3 - o x o q l u t a r i c  anhydride (70) ( 0 .67  g, 73?$). m.p. 150-151 °C;
v  ( d i s c )  1 8 10 ,  1 780,  1 1 60, 1 140, 1 075 cm“ ; 3 .30
max.
(4 H, s ) ,  3 . 4 0  (4 H, s )  (Found: C, 41.37;  H, 4 .08;  S, 31 .20# .
C„Ho0„S r e q u i r e s  C, 4 1 . 1 7 ;  H, 3 .93 ;  5, 31.37?$).
I o 3 2
R e a c t i o n s  o f  th e  e t h y l e n e d i t h i o k e t a l  o f  3 -o x o q lu ta r ic  
an hydri de ( 7 0 )  u i t h  ( + ) - r e t r o n e c i n e -  (+?-Retronecine 0 5 . 5  mg, 
0.1 mmol) and (70 )  ( 20 . 4  mg, 0.1 mmol) uere d i s s o lv e d  in  
c h lo ro fo r m  (5  m l ) .  A ft er  2 hours p r e c i p i t a t i o n  o f  the mono­
e s t e r  m ix tu re  as  an o i l  uas complete; v max< (n u jo l )  3 350,
1 7 4 5 ,  1 580 cm"*1 ; iP  (DNS0 dg) 5 .9  (H-2 , C-9 monoester) ,  4 .75  
(H -9 ,  C-9 m o n o e s t e r ) ,  5 .80  (H-2,  C-7 monoester) ,  5 .08 (H-7,
C-7 m o n o e s t e r ) .  I n t e g r a t i o n  o f  th ese  s i g n a l s  shoued that  the
r a t i o  o f  C-7 to  C-9 monoester uas 1 :2 .  C y c l i s a t io n  o f  the
ru-hydroxy  a c i d  uas  attempted in  the usual  fash ion to  y i e l d  o
homogeneous p r o d u c t .
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7 . 3  E XP E RI ME NT AL  TO CHAPTER 3
Natura l  D ic r o t a l i n e  -  Dried see ds  o f  C r o t a l a r i a  dura (3 g) 
uere ground to  a f i n e  pouder. This  pouder uas ground r e p e a t ­
e d l y  u i t h  methanol  u n t i l  the  methanol e x t r a c t  uas c o l o u r l e s s .
The combined methanol  e x t r a c t s  uere  c o n c e n t r a t e d  a t  room 
t emperatu re  . The r e s id u e  uas  d i s s o l v e d  in  2% c i t r i c  aci d  
(10 m l ) .  The a c i d  s o l u t i o n  uas uashed u i t h  chloroform (3x10 ml) 
th en  b a s i f i e d  u i t h  co n c e n t r a t e d  ammonia (2 m l ) .  The b a s i c  
s o l u t i o n  uas  e x t r a c t e d  u i t h  ch loroform (4x10 m l ) .  The 
ch lo r o fo r m  e x t r a c t s  uere  d r i e d ,  f i l t e r e d  and c o n ce n t ra te d  to  
y i e l d  an o i l .  P r e p a r a t iv e  t . l . c .  ( s i l i c a  ^ 2 5 4  0,25  mm» 
CHCl^/MeOH/NH^SO/l 5 / 1 )  y i e l d e d  d i c r o t a l i n e  (10 mg, 0 . 3 3 ^ ) ,
r f  0 . 6 8 ;  v  (CHC1_) 3 690,  3 610,  1 730,  1 445,  1 260,max • j
1 1 68 ,  and 1 075 cm" ; (r  1 . 9 5 - 2 . 2 8  (2 H, complex,  H-6 ) ,  2 .42  
(2 H, s ,  -CH2 - ) ,  2 . 6 7  (2 H, br,  s ,  -CH - ) ,  2 . 2 5 - 2 . 8  (1 H, 
com plex ,  H - 5 ) , 3 . 1 0 - 4 . 1 0  (3 H, complex,  H-3, and H - 5 ) , 4 .32  
(1 H, m, H-8-) , 5.01 (1 H, m, H-7) ,  4 .1 6  and 5 .40  (2 H, ABq,
3 12 Hz, H -9 ) ,  5 . 9 4 (1  H, br ,  s ,  H-2);  m/^ 281 (M+) , 2 3 8 ,  222 ,
179 ,  1 37 ,  1 36 ,  120,  119,  94 ,  93 ,  and 80 (Found: FI*, 281 . 1 2 7 4 .  
^ 1 4 ^ 1 9 ^ 5  r e Pu -^r e s  3 0 5 . 1 6 2 6 ) .  The h y dr o c h lo r ide  had m.p.
210-211 °C (decomp.)  ( l i t . ^  200 °C (decomp.) and 253 -260 °C 
( d e c o m p . ) ) [ n  ] 20 +2 5 .7 °  (c  2 . 0 6 ,  H2 0) (Found: C, 5 2 .7 5 ;
H, 6.62/6.  H2 qN0^C1 r e q u i r e s  C, 5 2 ,9 1 ;  H, 6 . 3 4 ^ ) .
4 - H y d r o x y - 4 - m e t h y l h e p t a - 1 , 6- d i e n e  ( 7 8 ) -  A l l y l  bromide 
( 3 0 . 2 5  g ,  0 . 2 5  mol) in  e t h e r  (10 ml) uas  added d ro p u i se  over  
30 minutes  to  a r a p i d l y  s t i r r i n g  mixture o f  magnesium t u r n i n g s  
( 6 . 0  g ,  0 . 2 5  mol) and i o d i n e  (0 .1  g) in  e t h e r  (80 m l ) .  A f t er  
a d d i t i o n  uas  co mplete  the s o l u t i o n  uas s t i r r e d  a t  room temper­
a t u r e  f o r  a f u r t h e r  15 minutes .  Ethvl  a c e t a t e  ( 8.0  g ,  0.1 mol) 
uas added in  p o r t i o n s  to  t h i s  s o l u t i o n  over  15 m in utes .  The 
s o l u t i o n  uas s t i r r e d  a t  room temperature for a f u r t h e r  30 
minutes  and then poured onto a mixture o f  crushed i c e  and u a ter  
(100 g ) .  The p r e c i p i t a t e  uhich formed uas d i s s o l v e d  by adding  
5N h y d r o c h l o r i c  a c id  (30 m l ) .  The o rg a n ic  l a y e r  uas s e p a ra ted  
and the aqueous l a y e r  uas e x t r a c t e d  u i t h  e t h e r  (3x^0 m l ) .  The 
combined o r g a n i c  l a y e r s  uere  d r i e d ,  f i l t e r e d  and c o n c e n t r a t e d  
to an o i l ,  uh ich  uas  d i s t i l l e d  a t  60 C/15 mm Hg ( l i t .  56-57
/ 1 4  mm Hg) to y i e l d  4 - h y d r o x y - 4 - m e t h y l h e p t a - 1 , 6- d i e n e  (78)
- 1 1 3 -
( 8 . 5  g ,  68?S); i> ma;<> ( f i l m )  3 410 and 1 640 cm_ 1 ; , r i . 1  (3 H. 
s » - CH^).2.1 (2 H, br .  s ,  -CH^-) , 2 . 3  (2 H. br .  s ,  -CH - ) .
5 . 0 - 6 . 0  (6 H, complex,  o l e f i n i c  p r o t o n s ) .
3-Jiydroxy-3 - m e t h y l g l u t a r i c  acid  ( d i c r o t a l i c  a c i d )  ( 7 5 ) -
4 -H y d r o x y - 4 - m e th y l h e p ta -1 , 6 - d i e n e  (78)  ( 6 . 3  g ,  50 mmol) in  dry 
e t h y l  a c e t a t e  (120 ml) uas t r e a t e d  u i t h  ozone a t  -78 °C u n t i l  
a b lue c o l o u r  p e r s i s t e d  in  the  m ix tu re .  The mixture uas a l lo u e d  
to  uarm to  room temperature and n i t r o g e n  uas bubbled through  
i t  u n t i l  a n e g a t i v e  t e s t  uas ob ta ine d  u i t h  s t a r c h / i o d i d e  paper.  
The r e a c t i o n  mixture uas con ce nt ra te d  to  g i v e  a c o l o u r l e s s  
v i s c o u s  o i l .  This  uas d i s s o l v e d  in  98$ formic a c id  (100 ml) 
and 27$ hydrogen perox ide s o l u t i o n  (40 ml) uas added. Af ter  
a feu minutes  a v ig o ro u s  exothermic r e a c t i o n  occured .  When 
t h i s  r e a c t i o n  had ceased  (_ca_ 1 hour) the  mixture uas concen­
t r a t e d  to  dryn ess  to  g i v e  3 - h y d r o x y - 3 - m e t h y l g l u t a r i c  ac id  (75)  
in  q u a n t i t a t i v e  y i e l d ;  m.p, 108-109 °C ( e t h e r / p e t .  e t h e r )  ( l i t . ^
108-109  °C );  v ( d i s c )  3 250 ,  1 710 and 1 150 cm- 1 ; Pmax.
( a c e t o n e  d^) 1 .4  (3 h, s ,  -CH^)^ 2 . 7  (4 H, br,  s ,  -CH^-),  8 .2  
(3 H, br ,  s ,  C02 H+0H) (Found: C, 4 4 . 6 4 ;  H, 6 . 1 3 $ .  C6H10° 5
r e q u i r e s  C, 4 4 . 4 ;  H, 6 . 2 2 $ ) .
3 -H y d r o x y - 3 - m e t h y l q lu ta r i c  anhydride ( d i c r o t a l i c  anhydride)
( 7 6 ) -  D i c r o t a l i c  a c id  (75)  ( 1 . 6  g ,  5 mmol) uas d i s s o l v e d  in  
anhydrous e t h e r  (75 ml) and r e d i s t i l l e d  t h i o n y l  c h l o r i d e  (5 g,
42 mmol) uas added.  The r e a c t i o n  mixture uas l e f t  a t  room 
t emperature o v e r n i g h t .  The r e s u l t a n t  c r y s t a l s  o f  d i c r o t a l i c  
anhydride (76 )  uere  f i l t e r e d  o f f  and r e c r y s t a l l i s e d  from benzene  
t o  y i e l d  n e e d l e s  ( 1 . 2  g ,  8 3 $ ) ;  m.p. 99-100 C; v max  ^ ( d i s c )
3 570,  1 810,  1 768 and 1 755 cm“ 1 ; cT 1 . 5  (3 H, s ,  - C H ^ ,  2 .9  
(4 H, br ,  s ,  -CH^-),  5.1 (1 H, s ,  OH). (Found: C, 4 9 .8 4 ;
H, 5 . 5 2 $ .  ^6Ha°4 ^ Q u i r e s  C, 5 0 .0 ;  H, 5 . 6 0 $ ) .
3-lY1 e t h y l - 3 - t r i m e t h y l s i l v l o x y q l u t a r i c  anhydride .(79V- 
S o l u t i o n s  o f  t r i m e t h y l c h l o r o s i l a n e  (108 mg, 1 mmol) in  e the r  
(1 ml) and p y r id in e  (79 mg, 1 mmol) in e t h e r  (1 ml) uere added 
to d i c r o t a l i c  anhydride (76)  (144 mg, 1 mmol) d i s s o l v e d  in
anhydrous e t h e r  (10 m l ) .  The mixture uas l e f t  a t  room temper­
a tu re  for 10 h o u r s , during uhich time p y r id in e  h ydroch lo r ide  
c r y s t a l l i s e d  out  o f  s o l u t i o n .  The p y r id in e  h y dr o ch lo r ide  uas
- 1 1 4 -
f i l t e r e d  o f f  and t h e  r e a c t i o n  m i x t u r e  c o n c e n t r a t e d  t o  g i v e  
3 - t r i m e t h y l s i l Y l o x y - 3 - m e t h y l q l u t a r i c  a n h y d r i d e  (79) i n  q u a n t i t ­
a t i v e  y i e l d  a s  a c o l o u r l e s s  o i l ;  ( f i l m )  1 800,  1 750,
^ m 3 x ^
1 2 5 0 ,  and 1 070 cm ; (P  ( p y r i d i n e  d5 ) 0 .1 0  (9 H, s ,  S i -CH^),
1 .32  (3 H, s ,  -CH3 ) ,  3 .1 3  (4 H, ABq, 3 ,  16 Hz -CH2> ) .
( + ) - . Retron ecine ( 3 ) -  R etron ec ine uas prepared by hydro­
l y s i s  o f  r e t o r s i n e  ob ta ined  from Senec io  i s a t i d e u s  p l a n t s .  In 
a t y p i c a l  run r e t o r s i n e  (1 g) uas heated a t  r e f l u x  in  a s o l u t i o n  
o f  barium hydr ox ide (5 g) in  u a te r  (150 ml) for  2 hours .  The 
co o l e d  s o l u t i o n  uas a c i d i f i e d  to pH 3 u i t h  5M h y d r o c h lo r i c  a c i d ,  
f i l t e r e d  through c e l i t e ,  and c o n t i n u o u s l y  e x t r a c t e d  u i t h  e t h e r  
f o r  24 h o u r s .  The a c id  s o l u t i o n  uas then p e r c o la t e d  through  
a column o f  Douex 1-X8 (OH form),  and the e l u e n t  c o l l e c t e d  
u n t i l  n e u t r a l .  This  e l u e n t  uas con ce ntra te d  to dryness  and
the r e s i d u e  e x t r a c t e d  s e v e r a l  t imes u i t h  b o i l i n g  a c e t o n e .  Evap.
o 79o r a t i o n  o f  the  a ce t o n e  to  g iv e  pr isms ,  m.p. 119-121 C ( l i t .
120-121 °C );  v  ( d i s c )  3 320 and 1 660 cm-1 ; <T 1 . 8 0 - 2 . 1 0max.
(2 H, com plex ,  H -6 ) ,  2 . 8 0 - 3 . 3 0  (2 H, complex,  H-5 ) ,  3 . 5 0 - 3 . 9 0
(3 H, complex ,  H-3,  H-8 ) ,  4 . 3 0  (3 H, m, H-7, H-9 ) ,  5 .72  (1 H,
m, H-2) (Found: C, 6 1 . 6 8 ;  H, 8.40; N, 8 . 8 8 $ .  CaH13°2^ rec u^ i r e s
C, 6 1 . 9 4 ;  H, 8 . 3 9 ;  N, 9 . 0 3 $ ) .
E s t e r i f i c a t i o n  o f  ( + ) - r e t r o n e c i n e  (3)  u i t h  3 - m e t h y l - 3 - t r i -
m e t h y l s i l y l q l u t a r i c  anhydride ( 7 9 ) -  Re tronec ine i 1 5 . 5  mg,
0 .1 mmol) i n  ch loro fo rm  (5 ml) uas added to d i c r o t a l i c  anhydride  
t r i m e t h y l s i l y l  e t h e r  (79)  ( 2 1 . 6  mg, 0.1 mmol) i n  chloroform  
(5 m l ) .  Thi s  s o l u t i o n  uas l e f t  under an atmosphere o f  argon  
fo r  12 hours  a t  room temperature ,  during uhich time an o i l  
p r e c i p i t a t e d  from s o l u t i o n .  The chloroform s o l v e n t  uas  
decante d  and th e  o i l  uas shoun to be a mixture o f  C-9 mono-
e s t e r  (0 0)  and C-7 monoester (81) in  a r a t i o  o f  1 :1 ; ( P  i ,pyr-
i d i n e  dc ) 4 . 7  ( s ,  H-9 o f  ( 8 0 ) ) ,  5.1 (m, H-7 o f  ( 8 1 ) ) ,  5 . 7  ( b r ,  
s ,  H-2 o f  ( B 0 ) + ( 8 1 ) ) .  The mixture o f  monoesters  uas d i s s o l v e d  
in  m e th a n o l i c  ammonia s o l u t i o n  (5 m l ) .  This  s o l u t i o n  uas  
s t i r r e d  a t  room temperature for  4 hour s .  Removal o f  s o l v e n t  
a t  reduced p r e s s u r e  l e f t  an o i l  uhich uas uashed t u i c e  u i t h  
a c e t o n e  to  g i v e  a mixture o f  7-  and 9 - 0 - (hydrogen 3 - h y d ro x y - 3 -  
m e t h y l g l u t a r y l ) r e t r o n e c i n e . r max ( f i l m )  3 400,  3 000 and 
1 735 cm-1 ; <P (CD30D) 5 .85  (m, H-2 o f  C-9 m o n o e s t e r ) ,  4 . 8 0
- 1 1 5 -
( s ,  H-9 o f  C-9 m o n o e s t e r ) ,  5 .72  (m, o f  C-9 m o n o e s te r ) ,  4 .5 0
(m, H-7 o f  C-9 monoes ter)  (Found m/z 2 9 9 .1 3 6 8 5  (lvl+ ) .  C„ H^,N0
— 14 2 1 6
r e q u i r e s  M 2 9 9 . 1 3 6 8 7 ) .
S y n t h e s i s  o f  d i c r o t a l i n e  (6 )  and e p i d i c r o t a l i n e  ( 7 7 ) -  
R e tr o n e c in e  (155 mg, 1 mmol) in  ch loro form  (5 ml) uas added to  
d i c r o t a l i c  anhydr ide  t r i m e t h y l s i l y l  e t h e r  (216 mg, 1 mmol) in  
ch loro fo rm  (5  m l ) .  The mixture uas l e f t  a t  room temperature  
f o r  12 hours  under argon.  During t h i s  t ime an o i l  p r e c i p i t a t e d  
from s o l u t i o n .  To t h i s  s u s p e n s i o n  uas added t r i p h e n y l p h o s -  
phine (262 mg, 1 mmol) and 2 , 2 * - d i p y r i d y l d i s u l p h i d e  (220 mg,
1 mmol).  The r e s u l t i n g  mixture uas s t i r r e d  under argon for  
6 hours  to  g i v e  a y e l l o u  s o l u t i o n .  The s o l u t i o n  uas taken up 
in  a s y r i n g e  and added d ro p u i se  over  a per iod  o f  4 hours  to  
ch loro fo rm  (30 ml) a t  r e f l u x  under argon.  A f t er  a d d i t i o n  uas  
c o m p le t e ,  h e a t i n g  uas  co n t i n ue d  fo r  8 h o ur s .  The co o led  
s o l u t i o n  uas  c o n c e n t r a t e d  to  l e a v e  a c l e a r  red gum uhich uas  
d i s s o l v e d  i n  methylene c h l o r i d e  (10 m l ) .  The methylene  
c h l o r i d e  s o l u t i o n  uas e x t r a c t e d  u i t h  0.1M h y d r o c h lo r i c  a c id  
(5x5 m l ) .  The aqueous s o l u t i o n  uas then b a s i f i e d  to  pH 10 
u i t h  c o n c e n t r a t e d  ammonia s o l u t i o n  and e x t r a c t e d  u i t h  methyl ­
ene c h l o r i d e  (5x5 m l ) .  The o r g a n i c  e x t r a c t s  uere  uashed u i t h  
5M sodium hydrox id e (5 m l ) ,  b r in e  (2x5 ml) and u a ter  (2x5 m l ) .
The o r g a n i c  s o l u t i o n  uas d r i e d ,  f i l t e r e d  and c o n c e n t r a t e d  to  
y i e l d  an o i l  (260 mg). A n a l y t i c a l  t . l . c .  ( s i l i c a ,  CHCl^/ 
MeOH/NH^SO/l 5 / 1 )  shoued 3 components ,  a l l  g i v i n g  p o s i t i v e  
sp o t  t e s t s  f o r  1 , 2 - d i d e h y d r o p y r r o l i z i d i n e  d e r i v a t i v e s .
P r e p a r a t i v e  t . l . c .  o f  th e  mixture  gave the  f o l l o u i n g  r e s u l t s ;  
component 1 .  r f  0 . 4 0  (80 mg), component 2 .  r f  0 .61 (69 mg),  
component 3 .  r f  0 . 6 8  (71 mg). The most p o la r  component uas  
a mixture o f  7 - ( 8 2 )  and 9 - 0 - ( 3 -m eth y lb u t - 2 - e n o y l )  r e t r o n e c i n e
( 8 3 ) .  A ( f i l m )  (FtOH) 222 nm; r ( f i l m )  3 510,max. max.
1 710 and 1 640 cm-  ; m/z. 235 (M*). The middle component
uas the  C-13 epimer o f  d i c r o t a l i n e  ( 7 7 ) ,  r  ___ (CHC1,) 3 700,max.^ 3
2 915,  2 830 ,  1 730,  1 600,  1 260 and 1 170 cm" ; i f * 1.41 (3 H,
s ,  -CH3 ) ,  1 . 8 0 - 2 . 2 0  (1 H, complex,  H-5 ) ,  3 . 1 5 - 4 . 1 0  (3 H, complex,  
H-5, H -3 ) ,  4 . 3 5  (1 H, complex,  H -5 ) ,  4 .1 9  and 5 .17  (2 H, ABq,
3 12 Hz, H -9 ) ,  5 . 3 5  (1 H, complex,  H -7 ) ,  5 .92  (1 H, b r , s ,  H-2).
m/z. 201 ,  (n + ) ,  2 38 ,  2 2 2 ,  179,  137,  136,  120,  119,  94 ,  93 ,  80 .
(Found ri+ 281 . 1 2 5 4 .  C, ,HonN0r Cl r e q u i r e s  M 231 . 1 2 6 3 ) .  The ' 14 2 0 5
- 1 1 6 -
h y d r o c h lo r i d e  had m.p. 158-161 °C ( decomp . ) ; [ n ] 20 + 2 9 .6 °  
( £ 0 . 1 ,  H20) (Found: C, 5 3 .1 3 ;  H, 6 . 4 4 ;  N, 4 . 1 2 # .  C14H2QN05 C1
r e q u i r e s  C, 5 2 .9 1 ;  H, 6 . 3 4 ;  N, 4 . 4 1 # ) .
Component 3 uas d i c r o t a l i n e  (_6); v  (CHC1 ) 3 690.
— max. 3
3 610,  1 730 ,  1 605,  1 445 ,  1 2 6 0 ,  1 168,  and 1 075 cm ; 
^ 1 . 4 0  (3 H, d,  -CH^), 1 . 9 5 - 2 . 2 8  (2 H, complex,  H-6 ) ,  2 .42  
(2 H, s ,  -CH2 - ) ,  2 . 2 5 - 2 . 8 0  (1 H, complex,  H -5 ) ,  3 . 1 0 - 4 . 1 0  (3 H,  
com plex ,  H-3,  H -5 ) ,  4 .32  (1 H, m, H -8 ) ,  5.01 (1 H, m, H-7 ) ,
4 . 1 6  and 5 . 4 0  (2 H, ABq, 3 12 Hz, H -9 ) ,  5 .94  (1 H, br ,  s ,  H-2);  
m / z  281 (H+) ,  2 38 ,  222,  179,  138,  136,  120,  119,  94 ,  93 ,  80 .  
(Found n+ 2 8 1 . 1 2 3 8 .  c 14H1g N05 r e q u i r e s  N 2 8 1 .1 2 6 3  ) .  The
h y d r o c h lo r i d e  had m.p. 211-212 °C (decomp.)  ( l i t . 26 200 °C 
( d e c o m p . ) ) ; [  a ] 20 + 2 5 .2 °  (c  0 . 2 0 ,  H2 0) ( l i t . 26 + 2 5 . 7 ° ,  H2 0) 
(Found: C, 5 2 . 8 5 ;  H, 6 . 3 0 ;  M, 4 .64/6.  C^H2 MO^ Cl r e q u i r e s  
C, 52.91 *, H, 6 . 3 4 ;  N, 4 . 4 1 # . )
S y n t h e s i s  o f  d i c r o t a l i n e ,  2nd method-  ( + ) - R e t r o n e c i n e  
(62 mg, 0 . 4  mmol) and d i c r o t a l i c  anhydride ( 5 7 . 5  mg, 0 .4  mmol) 
uere  d i s s o l v e d  in  ch loroform (25 m l ) .  A ft er  4 hours t r i -  
p heny lphosph ine  (262 mg, 1 mmol) and 2 , 2 / - d i p y r i d y l d i s u l p h i d e  
(220 mg, 1 mmol) uere  added to  the  monoester  s u s p e n s i o n .  The 
mixtu re  uas  s t i r r e d  v i g o r o u s l y  fo r  8 hours to  l e a v e  a homo­
gen eous s o l u t i o n  o f  the  a c t i v a t e d  t h i o e s t e r s .  C y c l i s a t i o n  
and uork up uere  c a r r i e d  out  in  the u sua l  manner to  y i e l d  
d i c r o t a l i n e  (36 mg, 32#) and e p i d i c r o t a l i n e  (41 mg, 3 6 # ) .  
S p e c t r a l  da ta  fo r  t h e s e  compounds uere  i d e n t i c a l  u i t h  th o se  
o f  the  p r e v i o u s l y  s y n t h e s i s e d  m a t e r i a l s .
P re p a r a t i o n  o f  ( - ) - r e t r o n e c a n o l  ( 8 6 ) -  ( + ) - R e t r o n e c i n e  
( 1 5 . 5  mg, 0.1 mmol) uas d i s s o l v e d  in  D.OIM h y d r o c h lo r i c  acid  
(1 m l ) .  P t0 2 (1 mg) uas added and the mixture s t i r r e d  under 
hydrogen for  48 h o u r s .  The s o l u t i o n  uas f i l t e r e d  through  
c e l i t e  and b a s i f i e d  by the  a d d i t i o n  o f  1M ammonium h y dr o x id e .  
The b a s i c  s o l u t i o n  uas c o n t i n u o u s l y  e x t r a c t e d  u i t n  e t h e r  for  
72 hours .  The e t h e r e a l  e x t r a c t  uas d r i ed  over  anhydrous  
potass ium c a r b o n a te ,  f i l t e r e d  and c o n c e n t r a t e d  to y i e l d  a gum. 
The crude r e t r o n e c a n o l  uas c r y s t a l l i s e d  from petroleum e t h e r  
( b . p .  6 0 - 0 0  ° C )  m.p. 9 5 - 9 6  ° C  ( l i t . 2  ^ 9 5 - 9 5  ° C )  ; [ ' *  ] ^  - 9 1
- 1 1 7 -
( £  1 ,  EtQH) ( l i t . 79 - 9 1 . 1 ° ) ;  (Found: C, 6 8 . 1 3 ;  H, 1 0 .8 0 ;  'I, 
1 0 . 0 1 $ .  r e q u i r e s  C, 6 8 . 0 4 ;  H,  1 0 . 7 0 ;  N, 9 . 9 1 $ ) .
P re p a r a t i o n  o f  7 - 0 - ( hydrogen ( 3RS) - 3 - h y d r o x y - 3 - m e t h y l -
q l u t a r y l )  r e t r o n e c a n o l -  ( - ) -R e tro n ec a n o l  (86)  ( 1 2 . 7  mg,
0 .1 mmol) and d i c r o t a l i c  anhydride (I4»4mg,  0.1 mmol) uere
d i s s o l v e d  i n  ch loro fo rm  (10 m l ) .  A f t er  3 hours p r e c i p i t a t i o n
o f  th e  e s t e r  uas co m ple te .  The s o l v e n t  uas decanted to  l e a v e
7 - 0 - ( h y d r o g e n  ( 3 R 5 ) - 3 - h y d r o x y - 3 - m e t h y l q lu t a r y l )  r e t r o n e c a n o l
as an o i l .  v  ( f i l m )  3 200 and 1 735 c m ; cf  (CD,0D) 1 .2 0max. 3
(3  H, d ,  3 7 Hz, -CH3 ) ,  1 .3 6  (3 H, 5 ,  -CH ) ,  5 .3 8  (1 H, ra,
H-7 );  a / z  2 8 5 . 1 5 6 0  (n +) .
H y d r o q e n o ly s i s  o f  e p i d i c r o t a l i n e  ( 7 7 ) -  PtO^ (2 mg) uas
added to  a s o l u t i o n  o f  e p i d i c r o t a l i n e  (20 mg, 0 .0 7  mmol) in
a c e t i c  a c i d  (5  m l ) .  The mixture uas s t i r r e d  r a p i d l y  fo r  24
hours  under an atmosphere o f  hydrogen (1 a t m . ) .  The c a t a l y s t
uas f i l t e r e d  o f f  and th e  f i l t r a t e  con centra te d  to  l e a v e
7 - 0 - ( hydrogen ( 3 R ) - 3 - h y d r o x y - 3 - m e t h y l q l u t a r y l )  r e t r o n e c a n o l
as  an o i l  (20 mg),  v  ( f i l m )  3 200 and 1 735 cm '; (Cm 3 x #
(CD30D) 1 . 2 0  (3 H, d ,  J 7 Hz, -CH3 ) , 1 .32 (3 H, s ,  -CH3 ) ,  5 .3 8  
(1 H, m, H -7 );  m / z  2 8 5 .1 5 5 8  (M+) .
S o d i u m / l i q u i d  ammonia re du c t io n  o f  7 - 0 - (hydrogen ( 3 R ) - 3 -  
h y d r o x y - 3 - m e t h y l q l u t a r y l )  r e t r o n e c a n o l -  7 -0 - ( h y d r o g e n  (3 R) -
3 - h y d r o x y - 3 - m e t h y l g l u t a r y l ) re tro n ec a n o l  ( 2 8 . 5  mg, 0.1 mmol) 
uas d i s s o l v e d  i n  methanol  (1 m l ) .  Liquid ammonia (10 ml) 
uas added and th e  s o l u t i o n  uas s t i r r e d  r a p i d l y .  A s m a l l  p i e c e  
o f  sodium uas  suspended in  the  s t i r r i n g  ammonia s o l u t i o n  u n t i l  
the  r e a c t i o n  mixture uas a uniform dark b l u e .  The sodium uas  
removed and methanol  (1 ml) uas added to the  s o l u t i o n .  The 
ammonia uas  a l l o u e d  to  evaporate  and the r e s id u e  uas d i s s o l v e d  
in  1M h y d r o c h l o r i c  a c id  (10 m l ) .  Continuous e x t r a c t i o n  o f  
t h i s  s o l u t i o n  u i t h  methylene c h l o r i d e  for  48 hours  y i e l d e d  
( S ) - m e v a l o n o l a c t o n e  as an o i l  (9 mg 6 9 $ ) ; [ (* 1 q ( £  0 . 1 8 ,
EtOH) ( l i t . 57 +2 3 ° ) ;  t/' 1 . 3 5  (3 H,  s ,  -LH3 ) ,  1 .9 0  (2 H,  m, H-4) ,
2 . 4 5  and 2 . 7 0  (2 H, ABq, 3 18 Hz, H-2) ,  3 . 4 5  (1 H, br ,  s ,  -OH),
4 . 4 7  (2 H, m, H - 5 ) ; m / z  130 (M+) .
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H y d r o l y s i s  o f  7 - 0 - ( hydrogen ( 3 R ) - 3 -  hydroxy-3-met h y l -  
g l u t a r y l )  r e t r o n e c a n o l -  The product  o f  th e  h y d r o g e n o ly s i s  o f  
e p i d i c r o t a l i n e  ( 2 8 . 5  mg, 0 .1 mmol) uas d i s s o l v e d  in  1M barium 
h ydr ox ide (1 m l ) .  The s o l u t i o n  uas hea ted  a t  r e f l u x  fo r  1 hour.  
The c o o l e d  s o l u t i o n  uas  made up to  5 ml u i t h  u a ter  and CO2 was 
bubbled through th e  s o l u t i o n  u n t i l  p r e c i p i t a t i o n  had s to p p e d .
The s o l u t i o n  uas f i l t e r e d  through c e l i t e  and th e  pH a d ju s t e d  to  
pH 3 by a d d i t i o n  o f  1M h y d r o c h l o r i c  a c i d .  The aci d  s o l u t i o n  
uas c o n t i n u o u s l y  e x t r a c t e d  u i t h  e t h e r  f o r  24 hours .  The 
e t h e r e a l  s o l u t i o n  uas d r i e d  and c o n c e n t r a t e d  to  y i e l d  d i c r o t -  
a l i c  a c id  which uas r e c r y s t a l l i s e d  from e t h e r / p e t .  e t h e r  (12 mg, 
74?S). This  m a t e r i a l  uas  i d e n t i c a l  u i t h  d i c r o t a l i c  a c id  ( i . r .  
and n .m . r .  s p e c t r a  and mixed m .p . )  p r e v i o u s l y  prepared.  The 
a c i d  s o l u t i o n  uas  b a s i f i e d  bv adding c o n c e n t r a t e d  ammonia 
s o l u t i o n ( l  m l ) .  Continuous e x t r a c t i o n  o f  t h i s  s o l u t i o n  u i t h  
e t h e r  fo r  72 hours  y i e l d e d  ( - ) - r e t r o n e c a n o l  (10 ma, 7 0 % ) .
This  m a t e r i a l  uas shown to  be i d e n t i c a l  ( i . r .  and n .m .r .  
s p e c t r a  e t c )  u i t h  t h a t  ob ta in e d  by h y d r o g e n o l y s i s  o f  ( + ) - r e t r o -  
n e c i n e .
Benzhydrylamide o f  ( S ) - m e v a l o n o l a c t o n e -  ( S)- lYlev a lo n o -  
l a c t o n e  ( 6 . 5  mg, 0 . 0 5  mmol) and benzhydrylamine (30 mg) uere  
p la c e d  in  a s m a l l  s c r e u  top sample b o t t l e .  The cap uas  
t i g h t l y  r e p l a c e d  and th e  mixture hea te d  on a steam bath fo r  
2 h o u r s .  The mixture uas d i s s o l v e d  i n  ch lorof or m  (2 ml) and 
washed u i t h  1 PI h y d r o c h l o r i c  a c id  (3x2 ml) and5$ sodium b ic a r b ­
o n a te  (2x2 m l ) .  The ch loro fo rm  s o l u t i o n  uas  d r i e d ,  f i l t e r e d
and c o n c e n t r a t e d  to  g i v e  an o i l .  The benzhydrylamide c r y s t a l -
o 79l i s e d  from b en zen e /h ex a n e  (12 mg, 7 6 % ) ;  m.p.  99 -100 C ( l i t .  
98 -99  °C) ,* [“ ] d °+2.70 (c 0 . 6 ,  EtOH) ( l i t . 57 + 2 . 7 ) ; ^  (CDC13/  
CD30D) 1 .1 7  (3 h,  s ,  -CH3 ) ,  1 . 6 0  (2 H, m, -CH2 - ) , 2 . 1 7  and 2 . 4 9  
(2 H, ABq, 3 12 Hz, -CH2 ) ,  3 .71 (2 H, m, -CH2 0H), 6 .12 and 6 .2 0  
(1 H, tuo s i n g l e t s ,  b e n z y l i c  H ( r o t o m e r s ) ) ,  7 .1 8  (10 H, s ,  Ar) .
H y d r o g en o ly s i s  o f  d i c r o t a l i n e  ( 6 ) -  D i c r o t a l i n e  uas hydro-  
g en o ly s ed  to  g i v e  7 — 0—( hydrogen ( 3 d ) — 3—hyproxy—3—m e t h y l g l u t a r y l ) 
r e t r o n e c a n o l  ( 0 4 ) as an o i l  in  q u a n t i t a t i v e  y i e l d ,  r 
3 200 and 1 730 cm"1 ; ^  ( CD^OD) 1 .14  (3 H, d,  3 7 Hz, -CH3 ) ,
1 .3 3  (3 H, s ,  -CH3 ) ,  5 .3 7  ( l  H, in, H-7);  m/^ 2 8 5.  1 557 ( " +N .
-i i y -
P r e p a r a t io n  o f  (R ) -m e v a lo n o la c to n e  ( 8 5 ) ~ Treatment o f
the  e s t e r  (84 )  u i t h  sodium in  l i q u i d  ammonia as d e s cr ib ed  for  
the e s t e r  o b ta in e d  from h y d r o g e n o l y s i s  o f  e p i d i c r o t a l i n e  gave  
(R ) - m e v a l o n o la c t o n e  as an o i l  in  7 5% y i e l d ; [  n  ] 75- 2 0 °  (c_ 0 . 1 4 ,  
EtOH) ( l i t .  57 - 2 3 ° )  ; (f ^ 1 .3 5  (3 H, s ,  -CH ) , 1 .90  (2 H, m, H-4 ) ,
2 . 4 5  and 2 . 7 0  (2 H, ABq, 3 18 Hz, H -2) ,  3 . 4 5  (1 H, br ,  s ,  -OH),
4 . 4 7  (2 H, m, H-5) ; m/z 130 (f1+) .
Benzhydrylamide o f  (R ) -m e v a lo n o la c to n e  ( 8 7 ) -  This  d e r i v -
20a t i v e  uas prepared as d e s c r ib e d  for  ( 5 ) - m e v a lo n o la c t o n e  ^
- 2 . 7 ° ( c  0 . 5 ,  EtOH) ( l i t . 57 - 2 . 7 ° ) ;  m.p.  99 -100 °C ( l i t . 57 98 -  
99 °C);  ( / ( C D ^ D )  1 . 1 7  (3 H, s ,  -CH3 ) ,  1 . 6 0  (2 H, m, -CH2- ) ,
2 . 1 7  and 2 . 4 9  (2 H, ABq, 3 12 Hz, -CH2~ ) , 3 .71 (2 H, m,-CH20H),
6 .1 2  and 6 . 2 0  (1 H, tuo s i n g l e t s ,  b e n z y l i c  H ( r o t o m e r s ) ) ,  7 .18
(10 H, s ,  A r ) .
P .m .r .  s p e cr o s co p y  o f  m ev a lo n o la c to n e  b enzhydry la m iaes -  
A d d it io n  o f  E u ( h f c ) 3 ( 0 . 3 5  e q u i v a l e n t s )  to  a d e u t e r i o c h l o r o -  
form s o l u t i o n  o f  racemic  m ev a lo n o la c to n e  benzhydrylamides  
r e s u l t e d  i n  the  s p l i t t i n g  o f  the  s i n g l e t s  due to  the ben zy l  
proton  i n t o  tuo p a i r s  o f  broad d o u b l e t s .  S i m i l a r  tr ea tm ent  
o f  each o f  th e  enanti om er s  o b ta in e d  by d e g r a d a t io n  o f  
d i c r o t a l i n e  and e p i d i c r o t a l i n e  did not  r e s u l t  in  any s p l i t t i n g  
o f  the  b e n z y l i c  s i g n a l s .  Due to  the  broadening  o f  the  t . m . s .  
s i g n a l  the  l o c k  o f  the  s p e c t r o m e t e r  uas not  c o n s i s t e n t  enough 
to  a l l o u  a s s ig n m en t  o f  s i g n a l s  fo r  the  i n d i v i d u a l  en a n t io m er s .
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7 . 4  E XP E R I ME NT AL  TD CHAPTER 4
E x t r a c t i o n  o f  a l k a l o i d s  from C r o t a l a r i a  q l o b i f e r a -  Dried  
see d  husks  o f  C r o t a l a r i a  q l o b i f e r a  (50 g) uere  ground to a f i n e  
powder.  Thi s  powder uas c o n t i n u o u s l y  e x t r a c t e d  u i t h  e t h a n o l  
f o r  48 h ours .  The s o l u t i o n  uas c o n c e n t r a t e d  to l e a v e  a dark 
s y ru p .  The e x t r a c t  uas  d i s s o l v e d  in  2% c i t r i c  a c id  (150 ml) 
and washed u i t h  methylene c h l o r i d e  (5x50 m l ) .  The a c id  l a y e r  
uas b a s i f i e d  u i t h  c o n c e n t r a t e d  ammonia s o l u t i o n  (20 ml) and 
e x t r a c t e d  u i t h  methy lene c h l o r i d e  (5x50 m l ) .  The combined 
methylene c h l o r i d e  e x t r a c t s  uere  c o n c e n t r a t e d  to l e a v e  an o i l  
(38 mg).  A n a l y t i c a l  t . l . c .  o f  t h i s  o i l  ( s i l i c a ,  CHCl^/^eOH/ 
NH3= 8 0 / 1 5 / 1 )  showed t h a t  i t  co n t a i n e d  tuo p y r r o l i z i d i n e  a l k a l ­
o i d s  r f  0 . 6 8  and 0 . 7 5 .  P r e p a r a t i v e  t . l . c .  o f  the  mixture  
y i e l d e d  th e  pure a l k a l o i d s .
The f a s t e r  running a l k a l o i d  (22 mg, 0.044?o) uas  c h a r a c t e r ­
i s e d  as  f o l l o w s ;  m.p. 159-161 °C;[ '* ] ^  + 3 6 .5 °  ( £  0 . 4 ,  EtOH);
v ( d i s c )  3 440,  1 738,  1 627 and 1 109 cm ^; ( T 0 .94max •
(3 H, d,  0 9 Hz, -CH3 ) ,  1 .01 (3 H, d ,  0 9 Hz, -CH3 ) , 1 .3 4  (3 H,
s ,  -CH3 ) ,  1 .3 8  (3 H, s ,  -CH3 ) ,  1 .62  (1 H, d,  =CH-), 1 . 9 - 2 . 7  (4 H,
complex,  H-5,  H-6, =CH-) , 3 . 0 - 4 . 0  (3 H, complex,  H-3, H - 5 ) ,
4 . 4 3  (1 H, m, H-8) , 5 . 0 6  (1 H, m, H -7 ) ,  4 . 4 5  and 5 .1 8  (2 H,
ABq, 3 13 Hz, H -9 ) ,  5.98 (1 H, br ,  s ,  H-2);  rr>/z_ 353 (n+) 264,
222 ,  220 ,  138,  137,  136,  121,  120,  119,  95 ,  94 ,  93 ,  80 .
(Found M+ 3 5 3 . 1 8 7 0 .  C1QH_„N0, r e q u i r e s  N 3 5 3 . 1 8 3 8 ) .  This
\ o  Z  /  b
m a t e r i a l  uas  i d e n t i c a l  u i t h  a sample o f  a u t h e n t i c  t r i c h o d e s m i n e .
The f o l l o w i n g  data were o b t a in e d  fo r  the  more p o la r  
component (10 mg, 0 . 0 2 ^ ) ;  v  ( d i s c )  3 440 ,  1 734 ,  1 729,
1 2 3 2 ,  and 1 145 cm ^ ; ( P  1 . 3 6  (3 H, s ,  -CH3 ) , 1 .42  (3 H, s ,
-CH3 ) ,  1 .61 (3  H, s ,  -CH3 ) ,  1 .6 8  (3 H, s ,  -CH3 ) ,  1 . 9 - 4 . 0  (7 H,
complex,  H-3, H-5,  H-6,  CH), 4 . 3 0  (1 H, m, H -8 ) ,  4 . 9 7  (1 H,
m, H -7 ) ,  4 . 2 0  and 5 .2 6  (2 H, ABq, 3 12 Hz, H -9 ) ,  b .1 8  (1 H,
br,  s ,  H - 2 ) ; , r ( 1 3 C) 2 1 . 2 3 7 ,  2 1 . 4 4 4 ,  2 5 . 9 1 6 ,  3 0 . 2 7 3 ,  3 3 . 8 5 9 ,  
4 8 . 4 8 6 ,  5 3 . 3 1 7 ,  6 1 . 7 9 3 ,  7 5 . 6 0 1 ,  7 7 . 0 0 9 ,  7 8 . 2 5 9 ,  8 0 . 1 8 1 ,  8 1 . 9 1 6 ,  
131 . 8 7 5 ,  1 3 6 . 9 0 9 ,  1 6 9 . 2 0 8 ,  173.1 1 1 ; m/z_ 351 (P1+ ) 262 , 220 ,
138,  1 37,  1 36 ,  121 , 120,  129,  95 ,  94 ,  93 ,  80 .  (Found N+
3 5 1 . 1 6 7 9 .  C1QH NO r e q u i r e s  M 3 5 1 . 1 6 8 2 ) .
10 2 5 b
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P y r r o l e - 2 - a l d e h y d e  ( l 0 8 ) -  D.M.F. (40 g ,  0 . 5 5  mol) uas 
c o o l e d  to  0 °C and p h o s p h o r y l o x y c h l o r i d e  (85 g ,  0 .5 5  mol) uas 
added u i t h  s t i r r i n g  ov er  10 m in u t e s .  The s o l u t i o n  uas s t i r r e d
fo r  a f u r t h e r  30 minutes  a t  room te m p era tu re .  The mixture uas
o N
co o l e d  to  5 C and methylene c h l o r i d e  (150 ml) uas added.
P y r r o le  ( 3 3 . 5  g ,  0 . 5  mol) uas added d r o p u i s e  a t  such a r a t e  
t h a t  th e  tem perature  did not  r i s e  above 10 °C. A f t er  a d d i t i o n  
uas complete  th e  s o l u t i o n  uas heated  a t  r e f l u x  fo r  30 m in ut es .
The s o l u t i o n  uas s t i r r e d  a t  room te mp erature fo r  1 hour and then  
sodium a c e t a t e  t r i h y d r a t e  (400 g) in  u a t e r  (500 ml) uas added 
and th e  mix ture  hea te d  a t  r e f l u x  fo r  30 m i n u t e s .  A f t e r  
c o o l i n g  th e  o r g a n i c  l a y e r  uas sep a r a t e d  and the  aqueous l a y e r  
e x t r a c t e d  u i t h  methy lene  c h l o r i d e  (3x100 m l ) .  The combined 
o r g a n i c  l a y e r s  uere  uashed u i t h  sodium c arbonate  s o l u t i o n  (3x  
100 m l ) ,  d r i e d  and c o n c e n t r a t e d  to  g i v e  an o i l  uhich s o l i d ­
i f i e d  on s t a n d i n g .  C r y s t a l l i s e d  from petro leum e t h e r  ( b . p .
3 0 -4 0  °C) y i e l d e d  p y r r o l e - 2 - a l d e h y d e  (43 g ,  90%); m.p. 46 -48  °C 
( l i t . 77 4 4 - 4 5  °C );  v  ( d i s c )  1 710 cm  ^ ;( Found: C, 6 3 . 1 2 ;
H, 5 . 4 8 ;  INI, 14.77%. C^ H^ NO r e q u i r e s  C, 6 3 . 1 3 ;  H, 5 . 3 0 ;
N, 14.7452).
P y r r o l e - 2 - c a r b o x y l i c  a c i d  ( 1 0 9 ) -  A s u s p e n s i o n  o f  s i l v e r  
o x i d e  uas prepared by adding a s o l u t i o n  o f  s i l v e r  n i t r a t e  (70 g) 
in  u a t e r  (500 ml) to  a r a p i d l y  s t i r r i n g  s o l u t i o n  o f  sodium 
hydr ox ide (35 g) in  u a t e r  (500 m l ) .  P y r r o l e - 2 - a l d e h y d e  (106 )
(20 g ,  0 .21 mol) in  5052 aqueous methanol  (200 ml) uas added 
and the  s u s p e n s i o n  s t i r r e d  a t  room temperature  fo r  2 h our s .
The s u s p e n s i o n  uas f i l t e r e d  and th e  r e s i d u e  uashed u i t h  b o i l i n g  
u a t e r  (200 m l ) .  The combined f i l t r a t e  and u a s h in g s  uere  
e x t r a c t e d  u i t h  e t h e r  (2x100 m l ) .  The aqueous l a y e r  uas c o o l e d  
to  0 °C and a c i d i f i e d  to  congo red u i t h  c o n c e n t r a t e d  h y d r o c h l o r i c  
a c i d ,  and e x t r a c t e d  u i t h  e t h e r  (4x100 m l ) .  The e t h e r  s o l u t i o n  
uas . d r i e d ,  f i l t e r e d  and c o n c e n t r a t e d  to  y i e l d  a pur ple  pouder 
uhich uas c r y s t a l l i s e d  from u a te r  to y i e l d  p y r r o l e - 2 - c a r b o x y l i c  
a c i d  (22 g ,  94%); m.p.  200 °C ( l i t . 73 204 °C ( d e c o m p . ) ) ;  (Found:  
C, 5 3 . 8 1 ;  H, 4 . 5 3 ;  N, 12.35%. C5H5N0- r e q u i r e s  C, 5 4 . 0 4 ;
H,  4 . 5 0 ;  INI, 12.61%) .
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Phosphonium I o d i d e -  U h i te  phosphorus (25 g) uas d i s s o l v e d  
in  carbon d i s u l p n i d e  (30 ml) under an atmosphere o f  argon.
I o d in e  (44 g) uas added i n  p o r t i o n s  u i t h  s t i r r i n g .  The 
s o l v e n t  uas removed u i t h  a s tream o f  argon and the  r e s id u e  
ground to  a f i n e  pouder.  I h i s  pouder uas p la c ed  in  a th re e  
necked f l a s k ,  f i t t e d e d  u i t h  a dropping funne l  and an a i r  
conden ser  arranged  to  c o l l e c t  the subl imed p ro d u c t .  A stream  
o f  argon uas  passed  through the  sys tem ancj u a te r  added drop-  
u i s e  to  th e  poud er .  Phosphonium i o d i d e  uas  c o l l e c t e d  as i t  
subl im ed  from th e  r e a c t i o n  m ix tu re .
3 , 4 - D i d e h y d r o p r o l i n e  ( 1 0 7 ) -  Constant  b o i l i n g  h y d r o io d i c  
a c i d  (6 0  ml) uas  s a t u r a t e d  u i t h  HI gas  a t  - 2 5  °C over  2 h ours .  
P y r r o l e - 2 - c a r b o x y l i c  a c id  ( 1 0 9 ) ( 1 0  g) and phosphonium i o d i d e  
(10 g) uere  added and th e  f l a s k  s to p p ered  s e c u r e l y .  The 
r e a c t i o n  m ix tu re  uas shaken a t  room temperature  fo r  6 h o u r s .
The r e s u l t a n t  s o l u t i o n  uas poured onto crushed i c e  (50 g) and 
th e  aqueous s o l u t i o n  c o n c e n t r a te d  to  drynes s  a t  0 . 5  mm Hg.
The r e s i d u e  uas d i s s o l v e d  in  u a ter  (25 ml) and p e r c o l a t e d  
through a c a t i o n  r e s i n  (DQUEX 5Q-U80) (150 m l ) .  The column 
uas uashed u i t h  u a t e r  u n t i l  the  e l u e n t  uas n e u t r a l  then e l u t e d  
u i t h  2M ammonium h ydrox id e  s o l u t i o n  (500 m l ) .  The b a s i c  
s o l u t i o n  uas c o n c e n t r a t e d  to  dryness  to  l e a v e  a y e l l o u - b r o u n  
mass uh ich  uas  c r y s t a l l i s e d  from aqueous e t h a n o l  to  y i e l d
*7 n
3 , 4 - d i d e h y d r o p r o l i n e  (7 g ,  70%); m.p. 23 4 -2 3 6  °C ( l i t .
2 3 4 -2 3 6  °C) ;  v ( d i s c )  3 420 ,  1 640,  and 1 620 cm ^ ;max.
cf (CF3C02 H) 4 . 5 5  (2 H, complex,  -CH - ) ,  5 . 6 0  (1 H, 
complex,  = CH-) and 6 . 3 0  (2 H, s ,  o l e f i n i c ) ;  (Found: C, 5 3 . 0 2 ;
H, 6 . 2 4 ;  N, 12.44%. r e q u i r e s  C, 5 3 . 0 7 ;  H, 6 . 2 4 ;
N, 12.44%.
Hethod tuo A s a t u r a t e d  s o l u t i o n  o f  i o d i n e  in  80% hydro-  
i o d i c  a c id  uas added d r o p u i s e  to  a 5 0 /5 0  mixture o f  i o d i n e  and 
red phosphorus.  The vapour produced uas bubbled i n t o  a 
s o l u t i o n  o f  g l a c i a l  a c e t i c  a c i d  c o n t a i n i n g  10% anhydrous  
hypophosphorous a c i d . ,  A f t e r  2 hours a th i c k  s e m i - c r y s t a l l i n e  
mass had been d e p o s i t e d  a t  the  bottom o f  the  s o l u t i o n .
A d d i t io n  o f  p y r r o l e - 2 - c a r b o x y l i c  a c id  (1 g per 20 ml o r i g i n a l  
s o l u t i o n )  f o l l o u e d  by v i g o r o u s  shak ing  a t  room temperature for  
5 hours y i e l d e d  a f t e r  the  u s u a l  uork up 3 , 4 - d i d e h y o r o p r o l i n e  in  
80% y i e l d .
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N-C arb obenzy lo xy-3 .  4 - d i d e h y d r o p r o l i n e  — 3 , 4-Didehydro-
p r o l i n e  ( 1 . 1 3  g ,  10 mmol) uas d i s s o l v e d  in  in  sodium hydroxide  
s o l u t i o n  (10  m l ) .  Thi s  s o l u t i o n  uas poured i n t o  a beaker  
c o n t a i n i n g  u a t e r  (50 m l ) .  I he beaker uas f i t t e d  u i t h  a 
magnet ic  s t i r r e r  and pH e l e c t r o d e .  Ihe s o l u t i o n  uas coo led  to  
0 °C and c a r b o b e n z y l o x y c h i o r i d e  (2 ml) in  e t h e r  (10 ml) added.
1N Sodium h y dr o x id e  s o l u t i o n  uas added a t  such a ra te  to  keep 
th e  pH o f  th e  s o l u t i o n  a t  9 - 1 0 .  A f t er  a d d i t i o n  the  s o l u t i o n  
uas e x t r a c t e d  u i t h  e t h e r  (3x50 ml) and the  aqueous la y e r  
a c i d i f i e d  to  pH 2 u i t h  c o n c e n t r a t e d  h y d r o c h lo r i c  a c i d .  The 
p r e c i p i t a t e d  o i l  uas  d r i e d  and c o n c e n t r a te d  to  y i e l d  N-carbo-  
b e n z y l o x y - 3 , 4 - d i d e h y d r o p r o l i n e  as a c o l o u r l e s s  gum ( 2 . 3 5  g, 95)£>)
r f  0 . 2 5  ( s i l i c a ,  m e th a n o l ) ;  v ( f i l m )  3 450,  1 710,  1 620 ^ m 3 x •
and 1 500 cm” ; J  4 . 4  (2 H, complex,  -CH2~ ) , 5 .2  (3 H, complex,  
=CH- and B z ) ,  6 . 0  (2 H, complex,  o l e t i n i c )  and 7 .4  (5 H, s ,
P h ) .
N -C a r b o b e n z y lo x y - 3 , 4 - d i d e h y d r o p r o l i n e . f le thyl  e s t e r —
N - C b z - 3 , 4 - d i d e h y d r o p r o l i n e  ( 2 . 6  g,  10 mmol) uas d i s s o l v e d
i n  methanol  (1 0  ml) and dropped onto an e x c e s s  o f  e t h e r e a l
d ia z o m e t h a n e . E x c e s s  diazomethane uas d es tr o y ed  by a d d i t i o n
o f  fo r m ic  a c i d .  The s o l u t i o n  uas  c o n c e n t r a te d  to  g iv e
IM -C bz-3 ,4 -d idehydropro l ine  methyl  e s t e r  in q u a n t i t a t i v e
y i e l d  as  an o i l .  r f  0 . 3 4  ( s i l i c a ,  c h l o r o fo r m ) ,  0 .7 6  ( s i l i c a ,
- 1
e t h a n o l ) ;  v   ^ ( f i l m )  1 755,  1 710 and 1 415 cm ; cf  3 . 7  
(3  H, d ,  -CH3 ) ,  4 . 4  (2 H, complex,  -CH2 ~ ) ,  5 . 3  (1 H, complex,  
=CH-),  5 . 4  (2 H, s ,  B z ) ,  7 . 5  (5 H , s ,  Ph).
N - C a r b o b e n z y l o x y - 3 ,4 - d i h y d r o x y p r o l i n e .  methyl  e s t e r  
N - C b z - 3 , 4 - d i d e h y d r p r o l i n e  methyl  e s t e r  (1 g ,  3 .7  mmol) 
uas d i s s o l v e d  i n  dry p y r i d i n e  (15 m l ) .  Osmium t e t r o x i d e  
(1 g) uas  added and the  s o l u t i o n  s t i r r e d  at  room temperature  
fo r  24 h o u r s .  A s o l u t i o n  o f  sodium b i s u l p h i t e  ( 1 . 8  g) in  
u a t e r  (30 ml) and p y r i d i n e  (20 ml) uas added to the r e a c t i o n  
m i x tu r e .  The r e s u l t i n g  s o l u t i o n  uas e x t r a c t e d  u i t h  c h l o r o ­
form (3 x60  ml) and the  o rg a n ic  l a y er  uashed u i t h  br ine  (20 m l ) .  
The o r g a n i c  s o l u t i o n  uas  dr ied  and con c e n t ra te d  to g iv e  N-Cbz-
3 , 4 - d i h y d r o x y p r o l i n e  methyl  e s t e r  uhich uas c r y s t a l l i s e d  
from e t h a n o l  ( 0 . 9  g ,  80/S) ; m.p. 113-115 °C; r ( n u j o l )
- 1 2 4 -
3 630,  1 760 and 1 710 cm” 1 ; /  3 . 7  (3 H, d,  -CH ) , 3 . 7  (2 H, 
complex ,  -CH2 - ) ,  4 . 3  (2 H, complex,  =CH(0)) ,  5 . 2  (2 H, s ,  3 z ) ,  
7 .2  (5 H, s ,  Ph) .
3 . 4 - D i h v d r o x v n r o l i n e  ( 1 0 6 -^  N -C b z -3 ,4 - d ih y d ro x y p r o l in e  
methyl  e s t e r  ( 2 . 9 7  g ,  10 mmol) uas d i s s o l v e d  in  methanolj  
(10 ml) c o n t a i n i n g  1 drop o f  c o n c e n t r a t e d  h y d r o c h lo r i c  a c i d .  
Plat in um  on c h a r c o a l  (200 mg) uas added and the  mixture s t i r r e d  
under an atmosphere o f  hydrogen for  4 hours .  The r e a c t i o n  
m ixtu re  uas  f i l t e r e d  and the  methanol  s o l u t i o n  poured i n t o  6i*l 
h y d r o c h l o r i c  a c i d  (30 m l ) .  This  s o l u t i o n  u a s .h e a t e d  a t  r e f l u x  
f o r  2 hours  then  th e  methanol  removed by d i s t i l l a t i o n .  The 
s o l u t i o n  uas  uorked up by th e  same method used for  3 , 4 - d i d e ­
h y d r o p r o l i n e  ( l 0 7 ) t o  y i e l d  3 , 4 - d i h y d r o x y p r o l i n e  (1 g ,  68^);  
m.p. 240-2 42  °C (decomp.)  ( l i t . ^  241-242  °C ( d e c o m p . ) ) .
(Pound: C, 4 1 . 0 1 ;  H, 6 . 1 5 ; N ,  9 . 0 0%.  C^HgNO  ^ r e q u i r e s  C, 40 .8  
H, 6 . 2 ;  N, 9 . 5 % ) .
Attempted 1 , 3 - D i p o l a r c y c l o a d d i t i o n  u i t h  3 ,4 -D ihvdroxy-  
p r o l i n e -  3 , 4 - D i h y d r o x y p r o l i n e  (1G 6)( 147  mg, 1 mmol) uas 
d i s s o l v e d  i n  a c e t i c  anhydride (10 ml) and e t h y l  p r o p i o l a t e  
(490 mg, 5 mmol) added.  The s o l u t i o n  uas hea ted  a t  r e f l u x  
for  2 hours  then  c o o l e d  and c o n c e n t r a t e d  to  l e a v e  an i n t r a c t a b l  
b lack  t a r .  The r e a c t i o n  uas  r e p e a te d  u i t h o u t  a d d i t i o n  o f  
e t h y l  p r o p i o l a t e .  Thi s  a l s o  r e s u l t e d  i n  th e  formation o f  a 
black  t a r .  R e p e t i t i o n  o f  the  r e a c t i o n  a t  temperature s  b e t -  
ueen 80 °C and r e f l u x  r e s u l t e d  in  fo rm ati on  o f  the black t a r .  
Sho r ter  r e a c t i o n  t im e s  gave a mix ture  o f  s t a r t i n g  m at er ia l  and 
th e  same b la ck  t a r .  The o n ly  s p e c t r a l  data  obta ined  for  t h i s  
t a r  uere  the  f o l l o u i n g  p . m . r .  s i g n a l s ;  cf  (CD^OD) 7 .0  (b r ,  s )
6 . 9  ( b r ,  s ) ,  6 . 5  ( b r ,  s ) , 2 . 0  ( b r ,  s ) .
l \ ) -Formyldidehydroprol ine  ( 1 1 1 )  A mixture o f  a c e t i c  
anhydr ide (10 ml) and 98;?b formic  a c id  (10 ml) uas s t i r r e d  a t  
50 °C fo r  3 h o u r s .  A s o l u t i o n  o f  3 , 4 - d i d e h y d r o p r o l i n e  ( 1 . 1 3  g 
10 mmol) in  98^ formic  a c id  (5 ml) uas added and the mixture  
s t i r r e d  a t  room temperature for  10 hours .  The s o l u t i o n  uas  
c o n c e n t r a t e d  to  dryn ess  to  l e a v e  an amorphous s o l i d .  This  
s o l i d  uas  p la c e d  i n  a s o x h l e t  e x t r a c t i o n  thimble  and e x t r a c t e d  
u i t h  e t h y l  a c e t a t e  (10 ml) for  12 hours .  The e t h y l  a c e t a t e
s o l u t i o n  uas  c o o l e d  and N - f o rm y ld id e h y d r o p ro l in e  c r y s t a l l i s e d  ou
( 1 . 3  g ,  8 8% );  m.p. 155-156 °C; v ( n u i o l )  3 000.. max. '
1 730 and 1 675 cm ; J  (CD30D) 4 . 3  (1 H, complex,  H-1 ) ,  4 . 5  
(1 H, complex,  H-1) , 5 .2  (1 H, complex,  =CH-), 6 . 0  (2 H, br ,  s ,  
o l e f i n i c ) ,  0 . 4  (1 H, s ,  CH0). (Found: C, 5 1 . 1 1 ;  H, 4 . 8 0 ;
N, 9 . 6 0 % .  CgH^NO  ^ r e q u i r e s  C, 5 1 . 0 0 ;  H, 4 . 9 6 ;  N, 9 . 8 2 % ) .
Attempted 1 , 3 , - D i p o l a r c y c l o a d d i t i o n  u i t h  N - f o r m y l - 3 , 4 -  
d i d e h y d r o p r o l i n e  (111) Treatment o f  N - f o r m y l - 3 , 4 -d id e h y d ro ­
p r o l i n e  as  d e s c r i b e d  fo r  3 , 4 - d i h y d r o x y p r o l i n e  above y i e l d e d  
e i t h e r  re co v er ed  s t a r t i n g  m a t e r i a l  or no homogeneous p roduc t .
N - C a r b o b e n z y lo x y - 4 - p r o l i n e -  L - P r o l i n e  (10 .1  g ,  0.1 mol)
uas  t r e a t e d  u i t h  carbobenzy loxy  c h l o r i d e  as fo r  3 , 4 - d i d e h y d r o -
p r o l i n e  a b ove .  The r e s u l t a n t  N -C bz-p ro l ine  uas c r y s t a l l i s e d
from carbon t e t r a c h l o r i d e  in  q u a n t i t a t i v e  y i e l d ;  m.p. 77 °C
( l i t . 11 76-77 °C);  v 3 000,  1 7 6 0 ,  1 654,  1 440 and 1 240max.
cm . (Found:C,  6 2 . 0 3 ;  H, 6 . 0 8 ;  N, 8 . 6 2 % .  ^ 1 3 ^ 1 5 ^ 4  r e 9ui r e s
C, 6 2 . 6 5 ;  H, 6 . 0 2 ;  N, 5 . 6 2 % ) .
L - P r o l i n e  T e r t i a r y b u t y l  e s t e r  -  N-C bz-L -p ro l ine
( 2 . 5  g ,  10 mmol) uas d i s s o l v e d  in  methylene c h l o r i d e  (100 ml) 
and p - t o l u e n e s u l p h o n i c  a c id  (100 mg) added.  The s o l u t i o n  uas  
c o o l e d  to  0 °C and l i q u i d  2 -m eth y lpropene  (40 g) added.
A f ter  s t i r r i n g  a t  room te mperature fo r  16 hours the  s o l u t i o n  
uas uashed u i t h  s a t u r a t e d  sodium ca rbonate  s o l u t i o n ,  d r i e d  and 
c o n c e n t r a t e d  to y i e l d  a t h i c k  o i l .  This  o i l  uas  d i s s o l v e d  
in  methanol  (20 ml) and 10% p la t inu m on c h a r c o a l  (150 mg) 
added.  The r e s u l t i n g  s u s p e n s i o n  uas  r a p i d l y  s t i r r e d  under an 
atmosphere o f  hydrogen for  4 hours .  The s o l u t i o n  uas f i l t e r ­
ed and c o n c e n t r a t e d  to  y i e l d  l - p r o l i n e  t e r t i a r y b u t y l  e s t e r  as  
an o i l  ( 1 . 5  g ,  86/6).  (Found !vl+ 171 . 2 4 0 0 ,  CgH^NO^ r e q u i r e s  
M 171 .2405)  .
N-( 3 - e t h o x y c a r b o n y l p r o p y l ) p r o l i n e  Q 1 6 ) Eth y l -4 -b ro m o -  
b u t y r a t e  ( 1 . 9 5  g ,  10 mmol) and L - p r o l i n e  t e r t i a r y b u t y l  e s t e r  
(1 g ,  6 mmol) uere  d i s s o l v e d  in  benzene (10 m l ) .  Anhydrous 
pota ss ium carbonate  (2 g) uas added and the  mixture heated  a t  
r e f l u x  under n i t r o g e n  for  36 h o ur s .  The s o l u t i o n  uas co o led  
and uashed u i t h  u a te r  (2x2 m l ) .  The o r g a n ic  l a y e r  uas poured
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i n  to  a 10/6 s o l u t i o n  o f  hydrogen bromide in  g l a c i a l  a c e t i c  a c id  
and s t i r r e d  a t  room te mperature for  3 h o u r s .  The s o l u t i o n  
uas c o n c e n t r a t e d  a t  a p r e s s u r e  o f  0 . 5  mmHg t o  l e a v e  a gum uhich
uas  d i s s o l v e d  i n  u a t e r  and p u r i f i e d  by ion  exchange chrom-
e>
ato gr aphy  as d e s c r i b e d  fo r  3 , 4 - d id e h y d i j p r o l in e  above to  y i e l d
a gum ( 0 . 9 1 6  g ,  6 6 %); v ( f i l m )  3 400 ,  1 730 and 1 600 cm"1m3 x •
Cr (CD^OD) 1 . 3 5  (3  H, t ) , 2 . 2  (4 H, co m plex ) ,  2 . 5  (4 H, complex)
3 . 9  (1 H, m)7 4 . 2  (2 H, q) .
N - ( 3 - c y a n o p r o p y l )  p r o l i n e  t e r t i a r y b u t y l  e s t e r
4 - B r o m o b u t y r o n i t r i l e  ( 1 . 4 8  g ,  10 mmol) and L - p r o l i n e  t e r t i a t y -  
b u t y l  e s t e r  (1 g ,  6 mmol) uere  d i s s o l v e d  in  benzene (10 m l ) .  
Anhydrous p o ta ss ium  carbonate  (2 g) uas  added and th e  mixture  
h eate d  a t  r e f l u x  under n i t r o g e n  f o r  36 h o u r s .  The s o l u t i o n  uas  
c o o l e d ,  uashed u i t h  u a t e r  (2x2 m l ) ,  d r i e d  over  pota ss ium  carbon­
a t e  and c o n c e n t r a t e d  t o  l e a v e  an o i l  ( 2 . 3  g ,  98^) ;  v m3 x •
(CHC13 ) 2 9 80 ,  2 2 5 0 ,  1 730 and 1 360 cm" . ( Found :l*l+ '
2 3 8 . 3 3 2 5 ,  C13H2 2N202 r e q u i r e s  N 2 3 8 . 3 3 1 2 ) .
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7 . 6  E XP E R I ME NT AL  TO CHAPTER 6
R a d i o c h e m i c a l  m e t h o d s .  R a d i o c h e m i c a l s  u e r e  p u r c h a s e d  f r o m  
T h e  R a d i o c h e m i c a l  C e n t r e ,  A m e r s h a m  a n d  L e  C o m m i s s a r i a t  a  
l ' E n e r g i e  A t o m i q u e ,  S e r v i c e  d e s  M o l e c u l e s  M a r q u e e s ,  G i f - S u r -  
Y v e t t e •
S a m p l e s  f o r  f e e d i n g  u e r e  p r e p a r e d  a s  a q u e o u s  s o l u t i o n s
3  1 4u i t h  a  r a t i o  o f  H a c t i v i t y  t o  C a c t i v i t y  o f  8 : 1 .  R a d i o ­
a c t i v i t y  u a s  d e t e r m i n e d  f o r  t o l u e n e / m e t h a n o l  s o l u t i o n s  u i t h  a  
P h i l i p s  S c i n t i l l a t i o n  C o u n t e r .
F e e d i n g  m e t h o d s .  T h e  r a d i o a c t i v e  s o l u t i o n s  u e r e  f e d  t o
b a t c h e s  o f  t h i r t y  3  m o n t h  o l d  C .  q l o b i f e r a  p l a n t s  b y  t h e
4 5x y l e m  p r i c k i n g  m e t h o d .  T h e  p l a n t s  u e r e  h a r v e s t e d  a f t e r  
s e v e n  d a y s  a n d  t h e  a l k a l o i d s  e x t r a c t e d  a s  d e s r i b e d  i n  
C H A P T E R  4 .  T h e  r a d i o a c t i v e  e x t r a c t  u a s  d i l u t e d  u i t h  c o l d  
t r i c h o d e s m i n e  a d n  g l o b i f e r i n e  t h e n  p u r i f i e d  b y  t . l . c .
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